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A  STUDY  OF  THOMSEN'S  DISEASE,  BASED  ON  EIGHT 
CASES,  IN  A  FAMILY  EXHIBITING  REMARKABLE 
INHERITANCE   FEATURES  IN   THREE   GENERATIONS. 

BY  JOSHUA  ROSETT,  M.D. 
Instructor  in  Neurologj/,  Columbia  University. 

The  rich  literature  on  inherited  abnormalities  of  the  neuro-muscular 
system  is  notably  poor  in  information  regarding  any  definite  physical 
traits  that  might  be  regularly  associated  with  the  particular  abnormality 
in  the  affected  family.  The  human  race  is  too  small  in  numbers,  too 
slow-breeding  and  too  widely  dispersed  to  permit  of  easy  generalizations 
regarding  the  linkage  of  certain  physical  types  with  certain  constitu- 
tional abnormalities.  Lombroso's  inferences  proved  to  be  too  far- 
sweeping,  at  a  time  when  the  working  of  Mendelian  laws  was  not 
understood,  to  say  the  least. 

The  value  of  accumulating  information  respecting  the  association  of 
certain  gross  appearances  of  person  with  specific  pathological  conditions, 
is  obvious.  Certainly  five,  and  not  improbably  six,  out  of  the  eight 
cases  observed  in  the  present  instance  would  have  remained  unrecog- 
nized, if  it  were  not  for  the  marked  grouping  of  the  affected  family  into 
easily  distinguishable  physical  types.  Of  nine  persons  comprising  one 
such  group,  only  one  came  forward  with  the  complaint  of  myotonia  ; 
but  the  suspicion  attaching  to  certain  physical  likenesses  led  to  an 
investigation,  with  the  result  that  every  one  of  the  eight  persons 
examined  proved  to  be  myotonic. 

In  the  sixty  or  seventy  reports  on  myotonia  and  paramyotonia,  a 
large  percentage  of  the  investigators  note  the  co-existence  of  psycho- 
pathies and  of  the  muscular  disorder  in  members  of  the  same  family. 
The  muscular  and  mental  disorders  sometimes  co-exist  in  the  same 
individual.     Thomsen  |_41]  himself  emphatically  classed  myotonia  con- 
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gonita  with  the  psychoses.  In  the  first  generation  of  the  family  to  be 
described,  the  two  disorders  indeed  co-exist  in  the  same  person,  but 
in  the  second  generation  there  is  a  clear-cut  segregation  of  the  two 
disorders,  each  beoouiing  associated  with  a  definite  physical  type  of 
person ;  three  individuals  of  a  certain  type  become  affected  with 
Thomsen's  disease,  and  the  other  three,  of  a  different  physical  type, 
become  affected  with  psychoses.  In  the  third  generation  the  psychosis, 
as  well  as  the  physical  type  associated  with  it,  are  eliminated.  Four  new 
types  appear,  each  represented  by  one  individual  who  has  inherited 
from  a  respective  parent,  not  a  blood-relation  of  the  affected  family, 
that  parent's  physical  type  and  normal  constitution.  The  rest  of  the 
members  of  the  third  generation  are  all  of  the  myotonic  type  of  the 
second  generation,  and  they  are  all,  with  the  possible  exception  of  one 
who  has  not  been  studied,  affected  with  myotonia. 

The  Mendelian  phases  of  the  family  to  be  described  may  help  to 
throw  some  light  upon  two  of  the  pathological  features  of  Thomsen's 
disease — the  abnormally  large  musculature  usually  associated  with  it, 
and  the  muscular  atrophy  which  is  sometimes  observed. 

Aside  from  the  Mendelian  phases,  the  cases  in  question  have  other 
interesting  features.  One  such  feature  has  been  described  by  Pelz  [32] . 
Of  two  brothers  observed  by  this  investigator,  one  was  affected  with  a 
very  pronounced  form  of  Thomsen's  disease.  The  other  had  no 
symptoms  of  myotonia,  l)ut  tlie  presence  of  the  disorder  was  ascer- 
tained in  him  by  eliciting  the  characteristic  myotonic  reaction.  Three 
of  the  nine  cases  to  be  described  have  to  this  day  suffered  no  physical 
discomfort  from  the  disease,  which  they  are  almost  certain  to  transmit 
to  their  posterity. 

Finally,  two  of  the  cases  are  interesting  in  themselves.  One  suffers 
from  a  form  of  Thomsen's  disease  which  has  greatly  facilitated  the 
study,  and  has  to  a  great  extent  explained  the  mechanism,  of  the 
abnormal  muscular  action.  The  other  is  an  instance,  no  one  knows 
how  rare,  in  which  the  manifestations  of  the  disorder  are  evoked  by 
strong  psychical  stimuli  only.  If  it  were  not  for  the  fact  that  this  patient 
is  a  member  of  a  myotonic  family,  and  that  she  belongs  to  a  group  of 
persons  marked  by  certain  physical  characteristics,  the  examination 
would  have  been  inadequate,  and  her  trouble  would  almost  certainly 
have  been  regarded  as  a  form  of  hysteria. 

In  order  to  accentuate  the  Mendelian  phases  in  the  forthcoming 
study,  it  will  be  convenient  to  deviate  somewhat  from  the  ordinary  form 
of  description.     The  cases  will  be  taken  up  not  in  the  order  in  which 
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they  presented  themselves  for  examination,  but  according  to  genera- 
tions and  to  groups  formed  by  the  inheritance  of  certain  characteristics. 
Thus  the  first  generation,  which  was  not  personally  investigated — the 
grandparents — will  be  taken  up  first.  The  second  generation  will  be 
described  in  two  groups :  one,  the  myotonic  group ;  the  other,  the 
border-line  psychosis  group.  The  third  generation,  too,  will  appear  in 
two  groups :  one  consisting  of  normal  persons  ;  the  other  comprising 
five  individuals  affected  with  Thomsen's  disease  of  widely  different 
grades  of  severity. 

The  First  Generation. 

Neither  the  man  nor  the  woman  was  seen  by  the  investigator,  the 
data  respecting  the  couple  having  been  obtained  from  their  children. 

William  L.  was  born  in  Worcestershire,  England,  where  he  followed  in  his 
youth  the  trade  of  needle  pointing.  Some  time  after  his  arrival  to  the  United 
States  he  became  the  owner  of  a  beer  saloon.  He  was  a  man  of  large  size, 
weighing  about  220  lb.,  and  of  powerful  build.  He  had  a  very  fair  com- 
plexion, dark-brown  hair  and  blue-grey  eyes.  He  was  much  addicted  to 
drink,  but  otherwise  a  cheerful,  intelligent,  kind-hearted  man.  He  is  not 
known  by  his  children  to  have  suffered  at  any  time  from  muscular  rigidity 
or  cramp,  nor  from  any  trouble  that  could  be  interpreted  as  "nervousness." 
In  fact  he  was  a  very  healthy  man  all  his  life.  He  died  from  pneumonia  at 
the  age  of  48,  nineteen  years  ago. 

Anna  H.  L.,  the  wife  of  William  L.,  was  born  in  Derbyshire,  England.  In 
appear-ance  she  was  of  medium  stature  and  build.  She  had  a  dark-olive 
complexion,  dark-blue  eyes  and  dark  chestnut-coloured  hair.  She  had  been 
a  very  nervous  woman  all  her  life,  and  in  later  years  suffered  from  periodic 
attacks  of  profound  depression  of  spirits  alternating  with  states  of  irritability. 
She  "  developed "  a  muscular  trouble,  which  became  particularly  marked 
during  the  last  ten  or  twelve  years  of  her  life.  In  was  the  occurrence  of 
a  cramp  or  muscular  stiffness  at  times  when  sudden  movements  were  I'equired. 
The  children  particularly  remember  the  following  habit :  Whenever  she 
travelled  in  a  street  car  she  would  rise  from  her  seat  while  the  car  was 
still  in  motion  and  at  a  considerable  distance  from  her  destination.  If  she 
sat  until  the  car  stopped  at  her  destination,  the  sudden  attempt  to  rise  would 
"bind  "  her,  and  the  ensuing  delay,  by  attracting  to  her  the  attention  of  the 
passengers,  would  embarrass  her  greath'. 

She  died  at  the  age  of  62,  six  years  ago. 

The  Second  Generation. 

Of  the  thirteen  children  born  of  the  marriage  of  William  L.  to 
Anna,  seven  died  in  infancy.  The  surviving  six  fall  into  two  groups  : 
the  myotonic  and  the  border-line  psychosis  group. 
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TJt€  }f  I/O  tonic  Group. 

Case  1.— Herbert  L.,  ageil  33,  weight  210  lb.  Married  and  has  two 
children.  A  garage-man  by  occupation.  In  appearance  he  is  a  large  and 
powerful-looking  man  of  fair  complexion  with  brown  hair  and  blue-grey  eyes. 
A  very  healthy  man  physically,  and  of  the  average  mental  and  emotional 
state.  He  suffers  from  a  muscular  trouble  which,  however,  has  not  been 
a  source  of  any  great  inconvenience.  In  his  business  he  is  sometimes  called 
uix)n  to  do  heavy  lifting.  On  such  occasions  his  hand  becomes  "bound" 
around  the  object  so  that  he  cannot  let  it  go  for  a  number  of  seconds. 

A  test  of  his  grip  revealed  a  degree  of  strength  which  appeared  to  be  in 
proportion  to  his  very  large  musculature.  His  grasp  relaxed  easily.  He 
explained,  however,  that  the  inability  to  open  his  hand  occurred  only  when 
the  grasping  action  was  accompanied  by  a  heavy  lifting  exertion. 

Mechanical  stimulation  of  his  muscles  by  striking  them  with  a  percussion 
hammer  resulted  in  a  normal  contraction  followed  by  a  slow  relaxation. 
This  slow  relaxation  after  the  cessation  of  the  stimulus  was  particularly 
evident  in  the  left  biceps  and  the  forearm  muscles,  and  was  obtained  in  a  more 
pronounced  form  by  means  of  faradic  stimulation. 

The  tendon  reflexes  were  normal. 

Case  2. — Louise  W.  (fig.  1,  D),  aged  35,  weight  228  lb.  Married  and  has 
given  birth  to  five  children,  all  of  whom  are  living.  In  appearance  she  is 
like  her  brother  Herbert,  having  the  same  colour  of  the  skin,  hair  and  eyes. 
With  the  exception  of  occasional  pains  in  the  lower  limbs  and  the  abnormality 
to  be  described,  she  is  in  every  respect  a  healthy  woman. 

She  has  had  one  serious  illness — an  attack  of  diphtheria  at  the  age  of  18, 
nine  months  after  her  marriage.  Antitoxin  was  administered  in  three  doses. 
Nine  days  after  tiie  onset  of  the  illness  she  had  diplopia,  which  persisted  for 
four  weeks  ;  regurgitation  of  food  through  the  nostrils,  which  persisted  for  six 
weeks ;  paralysis  of  the  upper  limbs  for  sixteen  weeks  :  and  ])artial  paralysis 
of  the  lower  limbs  (she  could  move  them  in  bed,  but  she  could  not  stand  up), 
for  eight  weeks.     Recovery  was  complete. 

Questioned  respecting  a  muscular  abnormality,  she  persisted  for  weeks  in 
denying  the  presence  of  any.     The  following  history  was  finally  elicited  : — 

At  the  age  of  23,  two  weeks  before  the  birth  of  her  second  child,  she  had 
the  first  attack  of  a  trouble  from  which  she  has  been  suffering  ever  since. 
While  she  was  engaged  in  preparing  a  meal  at  the  kitchen  stove  she  was  badly 
frightened  on  seeing  her  eldest  girl,  who  was  then  2  years  of  age,  pulled  off  a 
chair  by  a  neighbour's  child.  As  she  was  about  to  make  an  abrupt  movement 
towards  the  children  she  suddenly  experienced  a  wave  of  stiffness  run  through 
her.  She  felt  the  muscles  throughout  her  body  become  tense  and  hard,  until 
she  could  not  balance  herself  any  longer  in  the  ei'ect  position,  and  she  fell  to 
the  floor  "  like  a  log  of  wood."  The  rigidity  lasted  for  about  three  minutes, 
during  which  she  was  perfectly  conscious.     The  muscles  relaxed  in  the  course 
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of  another  minute  or  two,  and  she  was  quite  normal  again.  Ever  since  then 
she  has  heen  subject  to  such  attacks  whenever  suddenly  excited  or  surprised. 
The  writer  witnessed  one  of  these  attacks  in  the  patient's  house.  It 
occurred  when  an  attempt  was  made  to  test  the  electrical  reactions  of  her 
muscles  under  rather  disagreeable  circumstances.  On  previous  occasions  tlie 
mechanical  and  electrical  tests  had  given  negative  results.  On  one  sucli 
occasion  an  ice-pack  was  applied  to  one  of  her  upper  limbs  in  order  to  ascertain 
whether  the  chilling  of  the  extremity  would  have  tlie  effect  of  manifesting  the 
myotonic  reaction.     Mechanical  stimulation  produced  indeed  weakly  ])ositive 


Fig.  1. 


results.  On  the  occasion  of  the  visit  to  the  family's  house,  an  attempt  was 
made  to  test  the  electrical  reactions  under  similar  conditions.  Instead  of  sur- 
rounding the  upper  limb  with  ice,  it  was  sprayed  with  ethyl  chloride.  The 
procedure,  carried  out  in  the  presence  of  a  dozen  members  of  her  family,  em- 
barrassed her,  and  she  was  rather  disgusted  by  the  odour  of  the  drug.  Upon 
the  application  of  the  faradic  current  to  her  arm-biceps,  a  singular  thing 
happened.  A  wave  of  rigidity  swept  visibly  over  the  upper  part  of  her  body 
beginning  at  the  waist  and  rapidly  involving  the  shoulders,  the  upper  extremi- 
ties, the  neck  and  some  of  the  facial  muscles.  She  sat  rigid  and  erect,  the 
head  thrown   back   over   the  back   of  the  chair,  with   the  upper  extremities 


G  ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

extemled  and  seuii-abilucted.  The  eyelids  were  tightly  closed  and  tlie  jaws 
set.  The  muscles  of  her  arms  and  forearms  stood  out  with  great  prominence, 
and  were  of  a  hard,  woody  consistency  to  the  touch.  But  the  musculatui'e  of 
the  thifths  and  legs  was  normally  relaxed.  She  moaned  slightly,  as  if  from 
intense  discomfort,  and  teais  came  out  from  between  the  tightly  closed  eyelids. 
In  order  to  ascertain  whether  she  was  conscious  or  not,  the  faradic  current 
was  applied  to  her  arm,  and  she  signified  by  a  louder  moan  that  she  felt  it. 
After  two  or  three  minutes  the  rigidity  gradually  passed  away,  first  in  the 
neck,  then  in  the  upper  extremities,  then  in  the  trunk.  The  parts  attacked 
first  were  the  last  to  relax,  with  the  exception  of  the  eyelids,  which  wei'e  still 
closed.  Asked  to  open  them  she  replied  with  perfect  composure  that  she 
would  do  so  as  soon  as  she  could,  and  explained  that  the  eyelids  were  always 
last  to  open  in  these  attacks.  She  did  open  them  in  another  minute  or  so. 
In  the  entii-e  procedure  there  was  not  the  least  trace  of  exaggeration  or 
emotionalism.  Her  feelings  on  that  occasion,  she  explained  later,  were  only 
those  of  discomfort  and  embarrassment  in  the  presence  of  so  many  members 
of  her  family.  Questioned  respecting  the  relaxed  condition  of  the  muscles  of 
her  thighs  and  legs  during  the  attack,  she  explained  that  such  was  always  the 
case  when  the  attack  occurred  while  she  was  in  a  sitting  position  ;  but  if  she 
happened  to  be  standing  the  rigidity  involved  her  entire  body,  including  the 
lower  extremities,  and  then  she  would  fall  "  like  a  log." 

Apart  from  these  attacks  she  had  no  muscular  troubles. 

There  were  no  other  neurological  abnormalities  in  this  case. 

Case  3. — Sarah  E.  M.,  aged  45,  weight  223  lb.  Married  and  has  one 
child.  Her  appearance  is  very  similar  to  that  of  her  sister  Louise  and  her 
brother  Herbert:  she  has  the  same  fair  complexion,  blue-grey  eyes  and  brown 
hair. 

She  has  never  suffered  from  '  nervousness."  For  a  great  number  of  years 
she  suffered  from  pains  in  the  legs,  and  they  have  been  weak  since  she  was 
a  young  girl,  but  very  much  more  so  of  late  years.  Ever  since  she  can 
remember,  and  until  a  few  years  ago,  she  lias  been  subject  to  the  following 
disability :  if  she  gi'asped  an  object  quickly  she  could  not  retain  it  in  her  hand, 
the  fingers  would  spring  back  and  remain  rigid  for  a  minute  or  so.  She  was, 
therefore,  compelled  to  take  hold  of  objects  with  a  certain  degree  of  deliberation. 

She  has  just  undergone  a  major  surgical  operation,  and  an  examination  for 
myotonia  could  not  be  made  in  her  case. 

The  Border-line  Psychosis  Group. 

This  group,  consisting  of  two  brothers  and  a  sister,  is  of  interest 
here  mainly  on  account  of  its  Mendelian  phases.  A  brief  account  only 
will,  therefore,  be  given. 

The  oldest  member  of  this  gi'oup  is  Laura  C,  aged  41.  Weight  56  lb.  A 
widow  and  childless.  Of  medium  stature  and  build,  she  has  a  dark-olive 
complexion,  dark  chestnut-coloured  hair  and  deep  blue  eyes.     She  has  been  a 
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very  "  nervous  "  woman  all  her  life.  She  is  subject  to  attacks  of  profound 
depression,  alternating  with  states  of  irritability,  "just  like  mother."  She 
has,  besides,  attacks  during  which  her  lower  limbs  are  cold  and  numb,  especially 
at  night,  irrespective  of  the  surrounding  temperature. 

She  lias  never  had  any  muscular  trouble. 

Electrical  and  mechanical  tests  of  her  muscles  gave  negative  results. 

The  second  member  of  this  group  is  William  L.,  junr.,  aged  3().  ^Yeight 
145  lb.  ;  carpenter  by  trade.  In  appearance  he  is  very  much  like  his  sister 
Laura  — ,  of  medium  stature  and  build,  with  a  dark  olive  complexion,  dark- 
chestnut-coloured  hair  and  deep  blue  eyes.  He  married  twice  and  lias  two 
children,  one  by  each  wife. 

Two  or  three  times  a  year  William  has  attacks  of  "  nervousness  "  of  about 
two  weeks'  duration.  During  these  attacks  he  is  "out  of  his  mind" — does 
not  work,  wanders  about  aimlessly  and  talks  a  great  deal  and  quite  incoher- 
ently, repeating  the  same  sentences  over  and  over  again.  During  a  recent 
attack  he  appeared  at  his  sister  Louise's  liouse — a  distance  of  about  live  miles 
— at  3  o'clock  in  the  morning.  He  shows  no  tendency  to  commit  violence 
during  these  periods  of  disorientation.  In  the  lucid  intervals  he  is  a  good, 
steady  workman  and  a  devoted  husband  and  father. 

He  has  never  had  any  muscular  trouble,  and  electrical  and  mechanical 
tests  of  his  muscles  revealed  nothing  abnormal. 

The  third  member  of  this  group  is  Harry  L.,  aged  23.  Weight  150  lb. 
Unmarried  and  a  clerk  by  profession.  In  appearance  he  is  like  the  two 
preceding  members  of  tliis  group,  having  the  same  colour  of  the  skin,  eyes 
and  hair. 

He  suffers  from  "general  nervousness,"  a  perpetual  feeling  of  uneasiness 
in  the  presence  of  people,  a  sense  of  inferiority.  He  is  shy  and  awkward  in 
all  things.  He  has  had  headaches  as  long  as  he  can  remember-  He  has 
refused  profitable  employment  for  the  last  twelve  months,  being  held  back  by 
some  power  for  which  he  cannot  account,  and  attempted  suicide  in  a  fit  of 
despondency.  "  I  strive  for  the  higher  things  in  life,  but  I  cannot  get  a  move 
on  myself  toward  their  attainment.  I  have  no  push.  I  cannot  put  myself 
forward.  This  makes  me  at  all  times  down-hearted  and  at  times  despondent. 
I  am  just  like  mother  used  to  be.  You  can  tell  by  the  way  I  speak  the  kind 
of  a  chap  I  am."  One  could  indeed  to  a  certain  extent.  His  speech  had  a 
peculiarly  slow  quality,  which  appeared  to  be  due  not  to  any  defect  of  the 
motor  apparatus  of  speech,  but  to  one  of  the  mental  processes  corresponding 
to  it.  His  responses  were  hesitant,  as  if  from  an  over-anxiety  to  say  exactly 
the  right  thing  while  labouring  under  the  conviction  that  he  was  about  to  say 
exactly  the  wrong  thing. 

He  has  never  had  any  muscular  trouble,  and  electrical  and  mechanical 
tests  of  his  muscles  showed  them  to  be  normal. 


8  ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

The  Third  Generation. 
This  generation  is  represented  by  ten  children,  as  follows : — 

Herbert,  of  the  myotonic  group,  has  two  children.  Both  resemble  him  in 
appearance,  and  the  elder,  who  was  examined  for  myotonia,  was  found  to 
have  it.     The  other  was  not  examined. 

Sarah  E.  M.,  of  the  myotonic  group,  has  one  child.  In  apiiearance  this 
child  resembles  the  father,  who  is  not  a  blood- relation  of  the  affected  family, 
and  he  has  neither  muscular  nor  mental  trouble. 

Louise,  of  the  same  grouj),  has  five  children.  Four  out  of  the  five  are  of 
their  mother's  physical  type  and  are  affected  by  myotonia.  The  fifth,  a  girl, 
resembles  her  father,  who  is  not  a  blood-relation  of  the  family.  Like  her 
father,  the  girl  is  in  every  respect  normal. 

Laura  and  Harry,  of  the  border-line  psychosis  group,  have  no  children. 
William,  of  the  same  group,  has  two.  They  were  not  seen  by  the  writer,  but 
according  to  information  furnished  by  the  relations,  the  children  look  like 
their  respective  mothers — William  having  been  married  twice  and  each  of  his 
wives  having  given  birth  to  one  child.  Like  their  mothers,  who  were  not 
blood-relations  of  the  family,  the  children  have  neither  muscular  nor  mental 
trouljle. 

The  third  generation,  then,  falls  into  two  groups  :  the  normal  and 
the  myotonic.  Of  the  five  normal  persons,  two  were  examined,  and 
one  will  suffice  as  an  example.  It  is  Estelle  (fig.  1,  E),  the  oldest  child  by 
the  marriage  of  Louise  and  Frank  W.  She  is  14  years  of  age,  of  a 
rather  slender,  athletic  build.  Like  her  father,  the  girl  has  a  light  olive 
complexion,  green-blue  eyes  and  red-brown  hair,  and  presents  neither 
muscular  nor  mental  trouble. 

The  Mijo tonic  Group. 

Case  4. — Lorraine  L.,  aged  7,  is  the  elder  daughter  of  Herbert  L.  She 
resembles  her  father  in  features,  and  in  the  colour  of  her  skin,  eyes  and  hair. 

The  child  is  well  in  every  respect  ;  her  relations  have  not  noticed  any 
muscular  abnormahty. 

Examination  showed  her  movements  to  be  normal.  Mechanical  and 
electrical  stimulation  of  her  muscles  resulted  in  a  normal  contraction  suc- 
ceeded by  a  slow  relaxation.  The  myotonic  phenomenon  was  particularly 
marked  in  the  right  biceps  and  to  a  less  degree  in  the  other  muscles  of  the 
same  arm.  The  result  of  faradic  stimulation  was  in  this  respect  more  definite 
than  that  of  mechanical  stimulation. 

The  tendon  reflexes  were  normal. 

In  order  to  avoid  repetition,  the  following  may  be  said  respecting  the  four 
cases  of  this  group  next  to  be  described.  All  four,  the  children  of  Louise  W., 
have  certain    physical  characteristics  in  common.      In  appearance   they  all 
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resemble  their  mother,  as  may  be  partly  judged  from  the  family  photograph 
(fig.  1),  in  their  facial  characteristics  and  in  the  colour  of  tlieir  skin,  their  eyes 
and  their  hair.  The  last,  however,  varies  in  shade  according  to  age,  the  hair 
of  the  younger  members  being  of  a  Hghter  shade  than  that  of  the  older.  Thus 
the  mother's  hair  is  dark  brown,  while  the  children's  hair  varies  from  a  golden 
brown  in  the  older  (Mildred),  to  a  simple  light  brown  in  tlie  youngest.  The 
golden  quality  is  said  to  be  due  to  sunburn.  Notwithstanding  the  difference 
in  shade,  however,  the  essential  colour  is  the  same  in  this  group,  and  is  dis- 
tinctly different  from  that  of  the  other  groups.  They  all  appear  to  have 
rather  bulky  muscles,  but  judgment  in  this  respect  becomes  difficult  when 
dealing  with  very  young  children. 

Case  5.— Mildred  W.  (fig.  1,  C),  12  years  of  age.  She  was  the  first  of  the 
series  to  present  herself  for  examination.  She  was  brouglit  by  her  mother  to 
the  Neurological  Division  of  the  Yanderbilt  Clinic  on  August  22,  1921,  with 
the  following  history  :  — 

The  teachers  of  "the  public  school  which  she  attends  complained  to  the 
parents  that  the  girl,  though  sensible  and  obedient,  behaved  in  a  manner 
which  introduced  a  certain  amount  of  disorder  into  class  discipline.  She 
lacked  the  necessary  promptness  of  action.  She  was  the  last  to  be  on  her  feet 
when  the  order  was  given  for  the  class  to  rise.  She  was  the  last  to  comply 
with  the  command  of  the  teachers  to  put  the  pencils  down  on  the  desk,  or  to 
close  the  books.  Ordered  to  recite,  she  was  silent  for  a  number  of  seconds  ; 
yet  once  she  began,  she  proceeded  smoothly.  This  initial  retardation  was 
especially  evident  in  her  physical  exercises.  A  repeated  command,  or  one 
uttered  in  an  angry  voice,  made  matters  only  worse,  she  retai'ded  even  more. 
Exhortation  being  of  no  avail,  the  teachers  suspected  a  physical  or  mental 
defect  and  informed  the  parents. 

The  mother  furnished  the  following  data  : — 

Mildred  is  her  second  child.  She  was'  born  at  term,  after  a  prolonged  and 
difficult  labour  which  was  terminated,  however,  without  the  aid  of  forceps. 
The  baby  weighed  7  lb.  at  birth  and  appeared  normal  in  every  respect.  She 
was  breast-fed,  cut  her  teeth  at  7  months,  said  "  papa  "  and  "  mamma  "  at 
10  months  and  began  to  walk  at  14  months.  Her  general  health  in  child- 
hood was  very  good.  She  had  chicken-pox  and  measles  and,  at  the  age  of  6, 
diphtheria  without  complications.  She  began  to  attend  school  at  the  age 
of  5,  and  she  is  at  present  in  the  6th  Grade,  Grammar  School,  which  is  the 
normal  grading  for  her  age.     She  first  menstruated  a  month  ago. 

Although  the  child  began  to  walk  at  the  normal  period,  it  was  soon 
noticed  by  the  parents  that  she  stumbled  and  fell  a  great  deal.  Later  it  was 
noted  that  she  was  reluctant  to  run  about  with  the  other  children  at  play. 
Urging  and  scolding  on  this  point  having  proven  to  be  ineffective,  the  parents 
became  reconciled  to  the  condition. 

Upon  being  questioned,  Mildred  stated  that  her  tardiness  at  the  beginning 
of  movements  is  due  neither  to  an  inability  to  understand  the  meaning  of  a 
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command,  nor  to  lack  of  desire  on  her  part  to  fultil  it,  but  to  a  rigidity  of  the 
nmsculature  involved,  which  supervenes  the  moment  she  attempts  the 
particular  movement.  As  a  matter  of  fact  the  more  anxious  she  is  to  carry 
out  the  movement  promptly  the  greater  is  the  rigidity  which  sets  in,  and  the 
longer,  therefore,  is  the  retardation.  Thus  an  angry  or  a  repeated  request  on 
the  part  of  the  teacher,  making  her  more  anxious  to  comply,  has  exactly  the 
opposite  effect  from  that  which  is  intended.  Yet  once  the  rigidity  of  the  part 
wears  off,  she  performs  tlie  movement  without  any  dilHiculty.  What  is  true 
of  her  movements  in  compliance  with  a  command,  is  true  also  of  the  move- 
ments initiated  of  her  own  volition.  She  has  much  difficulty  in  ascending  the 
first  flight  or  two  of  stairs,  but  once  she  has  climbed  these  she  can  climb  the 
rest  without  any  difficulty.  While  she  is  sitting  in  a  chair,  her  muscles  are 
perfectly  lax,  but  the  moment  she  attempts  to  rise  they  become  rigid,  and 
the  rising  movement  is,  therefore,  executed  clumsily.  W^hile  she  stands,  she 
feels  that  her  muscles  are  in  a  noi'mal  condition,  but  the  moment  she  wishes 
to  walk  her  muscles  stiffen.  After  walking  a  few  steps,  however,  the  move- 
ments become  normal.  When  she  closes  her  eyelids  tightly,  she  has  difliculty 
in  opening  them  for  a  number  of  seconds.  If  she  presses  her  tongue  against 
the  palate,  she  feels  it  become  rigid.  The  first  movements  of  flexion  and 
extension  of  the  forearm  at  the  elbow,  with  the  hand  relaxed,  are  a  little 
difficult,  but  the  succeeding  movements  are  easy.  But  if  she  attempts  to  per- 
form the  same  movements  with  the  hand  closed  in  a  fist,  flexion  and  extension 
of  the  forearm  become  more  and  more  difficult,  until  after  a  few  repetitions 
movement  becomes  impossible  :  the  forearm  remains  semiflexed  at  the  elbow, 
while  the  fingers  half-open,  and  point  in  all  sorts  of  directions  in  a  grotesque 
manner  from  a  contracted  palm  of  the  hand. 

What  is  ti'ue  of  movements  initiated  of  her  own  volition  is  likewise  true  of 
those  which  occur  independently  of  her  will.  Thus,  when  she  is  suddenly  and 
unexpectedly  pushed  from  behind,  she  falls  to  the  floor  in  a  rigid  mass.  If 
she  sneezes,  her  eyelids  remain  closed  and  she  cannot  open  them  for  a  time. 

The  girl  is  large,  very  muscular  and  powerful-looking.  Weight  121  lb. 
All  the  subjective  symptoms  elicited  on  questioning  were  found  to  be  true  by 
objective  examination,  and  need  not  be  repeated.  The  peculiar  behaviour  of 
the  movements  of  flexion  and  extension  of  the  forearm  upon  the  arm,  which  is 
apparently  anomalous  in  Thomsen's  disease,  will  be  considered  in  the  discus- 
sion as  elucidating  the  mechanism  of  the  abnormal  muscular  action.  The 
reflex  behaviour  of  the  muscles  was  tested  in  several  ways.  The  girl  was 
made  to  sneeze  (the  administration  of  snuffing  tobacco  provided  an  excellent 
diagnostic  agent)  and  her  eyelids  remained  contracted  for  thirty  seconds, 
during  which  she  was  making  strenuous  efforts  to  open  them  by  the  action  of 
the  frontalis  muscle. 

When  a  muscle  was  tapped  with  the  percussion  hammer,  it  contracted 
promptly  and  normally ;  the  marked  deviation  from  the  normal  being  the 
slowness  with  which  the  muscle  relaxed  after  the  cessation  of  the  stimulus. 
The  degree  of    muscular   contraction    and    the  length  of  time  taken  by  the 
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subsequent  process  of  relaxation  were  in  direct  proportion  to  the  strength  of 
the  blow  and  to  the  number  of  rapidly  repeated  blows.  The  table  below  gives 
the  approximate  number  of  seconds  taken  by  the  particular  muscle  or  group  of 
muscles  to  relax,  after  contracting  in  response  to  the  stinmlus  of  one,  two  and 
three  moderate  blows  dealt  in  rapid  succession  with  the  percussion  hammer. 

Tlirt-e  blows 

Right  arm-biceps  . .  . .  10  seconds  15  seconds  20  seconds 

Left  arm-biceps  ..  ..  ..  15       ,,  '25       ,,  30 

Right  supinator  longus     ..  ..  7       ,,  10       ,,  13 

Left  supinator  longus        ..  ..  5       ,,  7       ,,  10 

Right  anterior  forearm  muscles  ..  7       ,,  10       ,,  13 
Left  anterior  forearm  muscles 

Right  posterior  forearm  muscles  ..  3       ,,  6       „  10 

Left'posterior  forearm  muscles  ..  3       ,,  6       ,,  10 


Right  triceps 
Left  triceps 
Pectorals 

Sternomastoids   . . 
Posterior  leg  muscles 
Peroneal  muscles 
Right  thenar  muscles 
Left  thenar  muscles 
Right  hypothenar  muscles 
Left  hypothenar  muscles  . 
Tongue  . . 


One 

blow 

Two 

blows 

10  seconds 

15  seconds 

15 

,, 
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,, 
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,, 
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,, 
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>> 

Not  definite 

3 

»> 

15 

17 

10 

10 

10 

10 

12 

12 

8 

8 

5 


The  length  of  time  taken  by  the  muscles  to  relax  after  the  cessation  of  the 
stimulus  varied  in  a  striking  manner  wnth  tiie  season  of  the  year  and  the 
general  condition  of  the  patient's  health.  The  table  above  held  true  for  the 
moderately  warm  weather  early  in  the  autumn  and  a  generally  good  state  of 
the  patient's  health.  With  the  onset  of  colder  weather,  and  during  slight 
indispositions,  the  relaxation  time  of  the  muscles  was  very  much  prolonged, 
in  some  instances  doubled. 

Stimulation  with  a  faradic  cui-rent  of  moderate  strength  produced  the  same 
effect  as  striking  the  muscles  with  a  hammer,  and  the  figures  need  not  be 
repeated.     Erb's  classical  reaction  was  not  obtained  in  full. 

"What  was  ti'ue  of  a  given  number  of  blows  of  a  certain  strength  was  like- 
wise true  of  a  smaller  number  of  blows  of  greater  strength.  Thus  one  strong 
blow  produced  the  same  effect  as  two  or  three  gentler  blows.  And  the  same 
held  good  for  faradic  stimulation. 

The  superficial  reflexes  were  normal.  The  radial,  ulnar,  wrist,  supra- 
patellar and  Achillis  reflexes  could  not  be  obtained,  and  a  slight  patellar  reflex 
was  obtained  only  with  much  difficulty. 

The  muscular  strength,  although  good  throughout,  was  not  so  great  as 
one  would  expect  considering  the  very  large  size  of  the  muscles.  Sensation 
was  normal.  The  internal  organs  were  apparently  healthy.  There  was  a 
trace  of  albumin  in  the  urine,  which  was  otherwise  normal.  The  blood  Was- 
sermann  test,  done  in  order  to  exclude  a  possible  complicating  circumstance, 
was  negative. 
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The  patient  was  seen  a  number  of  times  during  the  late  summer,  through- 
out autumn  and  the  beginning  of  the  winter.  All  the  symptoms  became 
exaggerated  to  an  astonishing  degree  with  the  onset  of  cold  weather.  The 
movement  of  rising  from  a  sitting  position  and  the  first  steps  were  clumsy 
late  in  tiie  summer.  In  the  beginning  of  the  winter  she  would  rise  from  a 
sitting  position  with  a  sliding  and  turning  movement,  as  if  she  had  been  glued 
to  the  ciiair ;  her  first  steps  were  made  with  the  thighs  and  knees  semiflexed, 
and  it  was  not  until  she  had  walked  for  two  or  three  minutes  that  her  gait 
a))proximated  the  normal.  She  began  to  suffer  w^th  pains  in  her  thighs  and 
legs  which  were  so  severe  that  they  interfered  with  sleep. 

Case  6. — Edward  W.  (fig.  1,  B),  10  years  of  age.  His  birth  was  dilidcult 
but  no  instruments  were  used.  Development  normal.  He  had  otitis  media 
at  the  age  of  6  months,  measles  at  2  years  of  age  and  pertussis  imme- 
diately after.  During  the  attack  of  pertussis  circumcision  was  performed  on 
account  of  some  complication.  At  the  age  of  3  he  developed  diphtheria  ; 
antitoxin  was  administered,  but  post-diphtheritic  paralysis  of  all  four  extremities 
occurred,  lasting  for  nine  weeks.     Recov^ery  was  appaiently  complete. 

The  boy  attends  a  public  school  and  is  quite  briglit  at  his  studies.  No 
symptoms  of  any  muscular  abnormality  have  been  observed  either  by  the 
family  or  by  the  teachers. 

L  pon  examination  the  movements  in  response  to  commands  were  carried 
out  normally,  but  mechanical  and  faradic  stimulation  of  the  muscles  show^ed  a 
persistence  of  the  contraction  after  the  cessation  of  the  stimulus.  The  abnor- 
mality was  particularly  marked  in  the  biceps,  the  supinator  longus  and  the 
thenar  muscles  on  both  arms.  Faradic  stimulation  was  more  effective  in 
eliciting  the  abnormality  than  mechanical  stimulation.  The  tendon  reflexes 
were  normal. 

Case  7. — Mabel  W.  (fig.  1,  F),  aged  5.  Instrumental  delivery.  Develop- 
ment normal.      No  diseases  of  childhood. 

For  some  time  it  has  been  noticed  that  after  the  child  sneezes  her  eyelids 
remain  closed  for  a  number  of  seconds,  and  that  she  remains  hesitant  when 
urged  to  perform  a  sudden  movement.  This  is  particularly  marked  when 
getting  oft'  a  street  car,  just  as  in  the  case  of  her  grandmother.  On  such 
occasions  her  legs  remain  "  bound  "  for  a  time,  so  that  she  has  to  be  supported 
or  carried  out. 

Physical  examination  revealed  the  symptoms  and  signs  of  Thonisen's 
disease.  When  the  child  was  asked  to  close  and  open  her  hand  I'epeatedly 
each  successive  movement  became  more  difficult,  so  that  after  a  few  movements 
the  fingers  remained  extended  upon  the  contracted  palm,  pointing  in  different 
directions.  If  she  persisted,  however,  the  difficulty  was  soon  overcome,  and 
the  subsequent  movements  were  normal.  The  following  myogram  (fig.  2)  shows 
clearly  the  behaviour  of  the  anterior  muscles  of  the  forearm  in  the  attempt  to 
open  and  close  the  hand  repeatedly.  Made  to  sneeze,  the  eyelids  remained 
closed  for  a  number  of  seconds. 
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Mechanical  and  faradic  stimulation  of  the  muscles  revealed  a  persistence 
of  the  contraction  beyond  the  time  during  which  the  stimulus  was  applied. 
The  phenomenon  was  especially  marked  in  the  arm-biceps,  the  supinator 
longus,  the  muscles  of  the  thenar  and  hypothenar  eminences  and  the  calf 
muscles  on  both  sides. 

In  every  other  respect  tlie  child  appeared  to  be  quite  well  and  normal. 


Fig.  2. — {Case  7.)     Anterior  forearm  muscles  in  the  attempt  to  open  and  close  the  hand 
•  repeatedly. 

Cft.se  8. — Nathalie  W.  (fig.  1,  A).  3  years  and  6  months  of  age.  Instru- 
mental delivery.     Development  normal.     No  symptoms  of  Thomson's  disease. 

Gentle  tapping  with  the  percussion  hammer  and  weak  faradic  stimulation 
gave  indefinite  results.  Stronger  stimulation  was  not  practicable  in  the  case 
of  the  young  child.  The  administration  of  snutf"  proved  to  be  a  valuable 
diagnostic  measure ;  after  sneezing,  the  child's  eyelids  remained  tightly  con- 
tracted for  some  seconds,  and  then  opened  very  gradually  in  the  course  of 
ninety  seconds,  the  orbicularis  standing  out  with  peculiar  prominence.  The 
tendon  refiexes  were  normal. 

The  Mechanism  of  the  Abnormal  Muscular  Action. 

This  was  studied  to  advantage  in  the  movements  of  Mildred's 
(Case  5)  upper  limb. 

With  the  hand  and  fingers  relaxed,  the  patient  had  some  slight 
difficulty  in  going  through  the  first  few  movements  of  flexion  and 
extension  of  the  forearm  upon  the  arm.  The  first  movement  was  quite 
normal,  the  second  slightly  difficult,  the  third,  fourth,  and  fifth  pro- 
gressively more  difficult,  tlie  sixth  less  difficult,  the  seventh  still  less  so, 
the  succeeding  movements  being  normal.  The  myograms  reproduced 
in  figs.  3,  A  and  3,  B  were  taken  from  the  patient's  biceps. 
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When,  however,  flexion 
<and  extension  of  the  fore- 
arm at  the  elbow  were 
performed  with  the  hand 
closed  in  a  fist,  the  curve 
was  never  completed  ;  the 
retardation  increased  until 
the  movement  ceased  (fig. 
3,B)-  Each  succeeding 
movement  was  more  and 
more  difficult  until  after 
four  or  five  repetitions  the 
forearm  remained  semi- 
flexed upon  the  arm,  the 
fingers  being  opened  and 
extended  in  different  di- 
rections upon  a  contracted 
palm.  The  entire  mus- 
culature of  the  upper  ex- 
tremity was  contracted, 
the  individual  muscles 
standing  out  prominently. 

A  somewhat  similar 
instance  has  been  de- 
.scribed  by  Wichmann 
[44],  who  considered  it 
"  a  fluke  of  Thomsen's 
disease."  Martins  and 
Hansemann  [25]  have 
observed  an  analogous 
phenomenon  in  a  case  of 
paramyotonia ;  and  Pelz 
[32]  cites  a  case  of 
Weichmann's,  in  which  a 
tonic  spasm  occurred  after 
forced  movement. 

The  seeming  discrep- 
ancy of  this  phenomenon 
with  the  general  tendency 
of  the  movements  to  be- 
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come  normal  after  a  few  repetitions  throws  a  good  deal  of  light  upon 
the  mechanism  of  the  muscular  action  in  this  disease.  The  facts  in 
connection  with  this  phenomenon  will,  therefore,  be  taken  up  in  greater 
detail. 

When  the  patient's  arm  biceps  was  gently  tapped  with  the  per- 
cussion hammer,  the  response  by  a  contraction  was  quite  normal.  The 
subsequent  relaxation,  which  in  the  case  of  normal  muscles  follows 
immediately  after  the  momentary  contraction,  was  in  the  case  of  the 
patient  gradual,  extending  over  a  number  of  seconds.  If,  after  the 
muscle  was  completely  relaxed,  it  was  tapped  again,  the  same 
phenomenon  was  repeated.     If,  however,  the  muscle  was  tapped  while 


Fi';;.  3,  B. — The  same  with  the  haud  closed. 

it  was  still  contracted,  the  subsequent  response  was  a  seeminglv 
greater  contraction.  By  tapping  the  muscle,  say  six  or  eight  times  in 
rapid  succession,  it  became  contracted  into  an  irregular,  angular  mass, 
of  a  woody  consistency  to  the  touch,  and  the  patient  complained  of  a 
pulling  pain  in  the  bicipital  fossa.  "What  happened  was  a  simple  sum- 
mation of  the  preceding  residual  contractions.  The  succeeding  relaxa- 
tion then  took  a  considerably  longer  time. 

When  the  biceps  and  the  triceps  w^ere  alternately  struck  in  rapid 
succession,  the  biceps  did  not  contract  into  an  irregular  ball.  After  a 
few  bloW'S  the  forearm  remained  semiflexed  upon  the  arm  and  the 
biceps  muscle,  although  very  firm  to  the  touch,  retained  its  regular 
belly-shape.  This  muscle  was  obviously  held  back  from  contracting 
into  a  ball  by  the  persistent  pulling  of  the  opposing  triceps. 
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It  made  no  ditYerence  by  what  stimulus  the  action  of  the  muscle 
was  evoked,  whether  by  tapping  with  a  hammer,  or  by  an  electric 
current,  or  bv  volition  or  emotion,  the  resulting  abnormal  phenomenon 
was  always  the  same — a  persistence  of  the  contraction  beyond  the 
duration  of  the  stimulus  and,  in  the  case  of  a  stimulus  repeated  in 
rapid  succession,  a  simple  summation  of  the  residual  contractions. 

It  is  not  an  easy  matter,  however,  to  bring  a  volitional  or  an 
emotional  stimulus  to  bear  upon  any  single  muscle,  as  may  be  done 
by  the  tap  of  a  hammer,  or  the  application  of  a  faradic  terminal. 
Unless  the  forearm  is  thoroughly  supported,  a  request  to  contract 
the  biceps,  except  in  the  case  of  a  few  especially  gifted  persons,  will 
result  inevitably  in  the  contraction  of  a  number  of  muscles,  including 
some  of  the  antagonists.  For  this  there  are  two  reasons.  One  is 
that  in  the  habitual  movement  of  flexion  at  the  elbow,  all  the  muscles 
passing  over  the  anterior  aspect  of  that  joint  take  part.  The  other 
reason  is  that  in  order  to  enable  the  biceps  to  exert  a  measured 
pull  upon  the  forearm  the  arm  is  fixed  at  the  shoulder  joint  by  all  the 
muscles  passing  over  that  joint,  including  the  antagonistic  triceps. 

We  shall  presently  see  how  these  facts  furnish  a  clue  to  the  entire 
mechanism  of  the  abnormal  muscular  action  in  Thomsen's  disease  in  all 
its  varied  aspects. 

Let  this  be  borne  in  mind  that  what  is  true  of  the  necessity  of 
fixing  the  shoulder  joint  in  the  movements  of  the  forearm  upon  the  arm, 
is  true  as  well  of  the  necessity  of  the  fixation  of  any  proximal  part  for 
the  purpose  of  moving  a  distal  segment  to  which  it  is  immediately  or 
mediately  linked.  Thus,  in  order  to  make  a  fist,  the  elbow  and  the 
shoulder  joints  must  be  fixed  in  any  position  of  the  upper  extremity, 
except  perhaps  in  the  perpendicularly  downward  position.  In  order  to 
move  the  upper  part  of  the  trunk,  the  muscles  of  the  lower  part  of  the 
trunk  are  contracted,  thus  converting  a  number  of  the  lower  vertebrae 
into  a  solid  column  from  which  the  attached  muscles  can  exert  a  pull 
upon  the  upper  vertebrae.  Since  the  larger  muscles  pass  over  more 
than  one  joint,  it  follows  that  the  contraction  of  such  a  muscle  may 
subserve  two  purposes  simultaneously  :  one,  the  movement  of  the  distal 
segment  ;  the  other,  the  fixation  of  the  proximal  segment. 

When  our  myotonic  patient  is  requested  to  make  a  fist  and  then  to 
flex  and  extend  the  forearm  upon  the  arm,  she  begins,  therefore,  these 
movements  with  the  musculature  of  the  upper  extremity  already  in  a 
state  of  partial  contraction.  When  a  normal  person,  under  similar 
conditions,  flexes  the  upper  limb  at  the  elbow,  the  extensors,  contracted 
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for  the  purpose  of  fixing  the  forearm  at  the  elbow  and  the  arm  at  the 
shoulder,  relax  in  correct  proportion  to  the  contraction  of  the  flexors. 
In  the  myotonic  person,  however,  the  contracted  extensors  do  not  relax 
with  sufficient  despatch.  The  force  exerted  by  the  flexors  in  order  to 
raise  the  mere  weight  of  the  forearm  must  be  greater  than  normal  by 
the  amount  necessary  to  overcome  the  pull  of  the  opposing  extensors. 
This  is  accomplished  by  sending  a  stronger  volitional  stimulus  to  the 
flexors,  and  the  patient  may  be  plainly  seen  to  exert  the  volitional  effort. 
The  resulting  greater  contraction  of  the  flexors,  however,  is  succeeded 
by  their  slower  relaxation.  In  the  next  succeeding  movement  of 
extension,  the  muscles  engaged  in  that  movement  are  called  upon  to 
work  against  the  force  of  the  tightly  contracted  flexors. 

A  succession  of  movements  of  flexion  and  extension,  brought  about 
by  muscles  which  are  already  contracted  for  the  purpose  of  fixing  the 
segments  of  the  limb  (the  hand  being  closed  in  a  fist),  results,  therefore, 
in  the  myotonic  person,  in  something  more  than  a  simple  summation  of 
the  residual  contractions.  We  have  here  a  system  of  mutually  aggra- 
vating conditions,  and  the  residual  contractions  of  the  antagonistic  groups 
of  muscles  are  accumulated  in  a  geometric  ratio. 

Thus,  considering  the  manner  in  which  the  residual  contractions  are 
summated  in  the  biceps  and  triceps  in  the  alternate  contractions  of 
these  muscles,  the  greater  the  amount  of  residual  contraction  of  the 
triceps  the  greater  must  be  the  contraction  of  the  biceps  in  order  to 
move  the  forearm  through  a  given  angle.  The  subsequent  residual 
contraction  of  the  biceps  is  greater,  therefore,  in  amount  than  it  was 
in  the  case  of  the  triceps.  When  the  triceps  is  now  called  upon  to 
extend  the  forearm,  the  amount  of  force  which  it  must  exert  is  greater 
than  that  exerted  by  the  biceps  in  flexing  it,  and  the  subsequent 
residual  contraction  greater  now  than  at  the  beginning.  The  amount 
of  force  which  the  biceps  must  exert  in  flexing  the  forearm  the  second 
time  must,  therefore,  be  greater  than  that  exerted  in  flexing  it  the  first 
time. 

The  result  of  the  geometric  summation  of  the  residual  contractions 
of  opposing  muscle  groups,  is  that  after  a  few  movements  of  flexion 
and  extension  the  entire  musculature  of  the  limb  is  contracted  to  its 
utmost  capacity.  Every  segment  then  remains  in  a  position  between 
flexion  and  extension. 

It  is  almost  certain,  however,  that  if  the  patient  could  overcome  the 
rigidity  and  flex  and  extend  the  forearm  a  few  more  times,  the  suc- 
ceeding movements  would  become  easier  and  finally  normal.     This  is 

BKAIN  — VOL.    XLV.  2 


18  ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

the  case  with  every  other  movement  of  ISIildred  and  with  the  same 
movement  when  performed  by  her  sister  Mabel  (Case  7).  What 
happens  in  the  particular  instance  may  be  Hkened  to  the  case  of  a 
traveller  who,  having  climbed  a  hill,  is  so  exhausted  near  its  summit 
that  he  cannot  surmount  it  and  cannot,  therefore,  get  to  the  other 
side  where  travelling  is  easy. 

In  view  of  our  ignorance  of  the  ultimate  causes  of  muscle  contrac- 
tion, it  would  be  useless  to  speculate  upon  the  reasons  for  the  diminu- 
tion and  the  final  disappearance  of  the  residual  contraction  of  the 
myotonic  muscles  upon  the  repetition  of  the  movement  in  which  they 
are  engaged.  Thomsen  ascribed  the  abatement  of  the  rigidity  upon 
repetition  of  the  movement  to  a  concomitant  rise  in  the  temperature 
of  the  active  muscle.  Considering  the  effect  of  temperature  upon 
chemical  processes  and  upon  the  phenomena  of  osmosis  and  of  surface 
tension,  as  well  as  the  fact  that  all  conditions  of  muscular  rigidity 
are  lessened  under  the  influence  of  a  higher  temperature,  Thomsen's 
assumption  may  not  be  far  from  the  truth. 

The  mechanism  of  the  rapidly  accumulating  residual  contractions 
of  opposing  muscle-groups  accounts  for  the  sudden  falling  "  like  a  log  " 
of  some  myotonic  patients  under  the  influence  of  sudden  strong  psychic 
or  emotional  stimuli.  Cases  2  and  5  are  examples  of  such  patients. 
Such  instances  have  been  described  by  Charles  Bell  [3]  as  early  as 
1837,  before  the  disease  was  recognized  as  a  definite  entity.  Thomsen 
speaks  of  the  efi'ect  of  psychic  stimuli  upon  the  myotonic  person  as 
follows  :  "  When  a  psychic  impression  awakens  the  muscular  cramp, 
whether  it  is  fright  ...  a  friendly  blow  on  the  shoulder  from  behind, 
or  when  the  foot  strikes  against  an  unexpected  stone,  or  when  a  sudden 
noise  reaches  the  ear,  a  painful  feeling  shoots  through  the  entire 
voluntary  musculature,  like  an  electric  current.  Every  affect  is  exag- 
gerated in  the  susceptible  disposition,  fright  and  anger  as  well  as  joy." 

The  effect  of  a  sudden  strong  psychic  or  emotional  stimulus  is  to  fix 
every  proximal  segment  of  the  body  and  the  limbs  preparatory  to  any 
possibly  desired  movement  of  the  distal  segments.  Throughout  the 
vertebrate  and  a  large  part  of  the  invertebrate  kingdom,  this  fixa- 
tion of  the  proximal  body-segments  may  be  observed  in  the  act  of 
"priming,"  which  precedes  the  movements  of  aggression  or  escape. 
In  man,  under  normal  conditions,  the  widespread  effect  of  a  sudden 
strong  emotional  stimulus  upon  the  general  musculature  of  the  body 
is  little  noticed  :  the  general  stiffening  is  usually  of  momentary  dura- 
tion ;    and   where  the  duration  is  longer  the  rapidly  alternating  con- 
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tractions  and  relaxations  of  antagonistic  muscles  are  exactly  timed, 
constituting  a  perfectly  co-ordinated  system.  Such  is  not  the  case  in 
Thomsen's  disease.  In  this  disease  there  occurs,  as  we  have  seen, 
an  overlapping  of  the  contractions  of  alternately  acting  antagonistic 
muscles.  In  the  rapid  series  of  such  alternating  contractions  of 
numerous  antagonistic  muscles  which  constitutes  the  act  of  "priming" 
there  must  occur,  therefore,  in  the  myotonic  person  a  rapid  accumu- 
lation of  the  residual  contractions.  The  result  of  such  an  accumula- 
tion is  that  in  a  few  moments  the  muscles  become  contracted  to  their 
utmost  capacity  and  the  person,  no  longer  able  to  perform  the  fine 
balancing  movements  necessitated  by  the  erect  position,  falls  "  like 
a  log."  In  the  instance  of  a  similar  attack  described  (Case  2),  the 
parts  of  the  patient  which  were  thoroughly  supported  escaped  rigidity. 
Since  the  muscles  of  these  parts  were  not  at  work  at  the  time,  there 
was  no  basis  for  the  formation  of  a  series  of  mutually  increasing 
residual  contractions  of  antagonistic  muscle-groups. 

It  will  be  remembered  that  the  amount  of  residual  contraction 
is  in  direct  proportion  to  the  degree  of  contraction ;  and  that  the 
degree  of  contraction  is  in  direct  proportion  to  the  intensity  of  the 
stimulus.  This  explains  the  reason  why  in  the  instance  of  Case  1 
the  hand  became  "  bound  "  only  when  the  act  of  grasping  was  accom- 
panied by  that  of  lifting.  The  stronger  stimulus  determined  to  the 
muscles  engaged  in  the  double  exertion  of  lifting  and  of  grasping, 
made  the  myotonic  condition  of  those  nmscles  manifest  where  a 
weaker  stimulus  was  inadequate. 

The  mechanism  of  mutually  increasing  residual  contractions  of 
antagonistic  muscles  differs  essentially  from  Brissaud  and  Bauer's  [6] 
explanation  of  the  abnormal  muscular  action  by  a  "  synergic  contrac- 
tion of  the  antagonists."  In  the  light  of  this  mechanism,  Jaquet's  [18] 
theory  of  the  irradiation  of  the  nervous  impulse  to  opposed  muscle- 
groups  is  untenable.  Johnson  and  Marshall's  [20]  idea  of  a  block 
in  the  pyramidal  system  as  the  cause  of  the  trouble  is  inconsistent 
with  the  symptomatology  of  the  disease.  From  these  authors'  descrip- 
tion it  does  not  appear  that  they  found  in  their  cases  either  the  sign  of 
Babinski,  or  exaggerated  deep  reflexes,  or  abnormal  associated  move- 
ments, or  a  persistent  hypertonus  of  the  resting  muscles,  or  any  of 
the  signs  of  interruption  of  the  pyramidal  path.  Such  signs  have  not 
indeed  been  mentioned  by  any  writer  as  part  of  Thomsen's  disease, 
nothwithstanding  the  fact  that  Thomsen  himself  thought  the  disease 
to  be   due  to   a  defect   of  volition.     The   intactness  of  the  pyramidal 
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system  in  this  disease  is  fully  attested  both  by  the  absence  of  the 
signs  just  mentioned,  and  by  the  readiness  with  which  a  given  set 
of  muscles  responds  to  the  impulse  of  volition.  Yet  contract  as  it 
may,  a  muscle  cannot  move  the  part  to  which  it  is  attached  if  that 
part  is  held  back  by  an  equivalent  or  by  a  greater  force  ;  and  the 
retardation  of  movements  in  Thorasen's  disease  is  not  due  to  any 
tardiness  of  the  muscles  in  contracting,  but  to  the  resistance  offered 
by  the  unrelaxed  antagonists. 

Hoffmann  [15]  mentions  a  number  of  theories  brought  forward  by 
different  observers  to  explain  the  singular  affection,  and  there  is  no 
need  for  repeating  them  here. 

The  Bearing  of  Heredity  on  the  Large  Musculature  associated 
WITH  Thomsen's  Disease. 

The  distinctive  features  of  the  pathological  state,  as  demonstrated 
by  Jacoby  [17],  Schifferdecker  [34],  Dejerine  and  Sottas  [8],  Pelz  [32], 
Johnson  and  Marshall  [20]  and  others,  are  the  great  thickness  of  the 
fibres  of  the  voluntary  muscles,  the  great  number  of  nuclei  which  are 
also  found  within  the  sarcoplasm  and,  in  some  cases,  an  increase  of  the 
interstitial  tissue.  Jacoby  made  the  interesting  statement  that  "it  is 
obvious  that  a  considerably  larger  number  of  embryonic  sarcoplasts 
must  have  entered  into  the  construction  of  each  individual  fibre  than 
is  the  case  in  normal  development." 

It  is  certain  that  although  Thomsen's  disease  does  occur  in  persons 
with  a  musculature  of  average  size,  such  an  occurrence  is  quite  excep- 
tional. Assuming  that  the  size  appeared  normal  in  the  cases  where  no 
mention  is  made  of  it,  the  number  of  myotonics  with  muscles  of 
ordinary  bulk  must  still  be  quite  small.  By  far  the  greater  number  of 
writers  on  Thomsen's  disease  speak  of  the  large  size  of  the  musculature 
of  the  persons  affected  by  it.  Westphal  [43]  considered  the  disease 
to  be  "  a  singular  congenital  anomaly  of  muscle  tone  connected  with 
an  unusual  increase  of  volume."  Mills'  [26]  tried  to  account  for  the 
large  size  of  the  muscles  by  "  the  frequently  repeated,  forced  exercise." 

A  study  of  the  family  in  question  furnishes  the  following  facts 
regarding  the  association  of  myotonia  with  a  large  musculature  : — 

The  first  male,  who  was  not  myotonic,  had  a  large  musculature ; 
while  the  first  female,  who  was  myotonic,  had  muscles  of  the  average 
normal  size.  Of  their  six  surviving  children,  three  have  large  and 
three  average-sized  muscles.     Those  with  large  muscles  are  myotonic, 
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while  those  with  muscles  of  normal  size  are  not.  A  glance  at  the 
respective  weights  of  the  six  members  of  the  second  generation  tells 
the  story.     The  weights  are  as  follows  : — 

Myotonic  group  Non-inyotonic  group 

Sarah,  aged  45,  weight  223  lb.  Laura,    aged  41,  weight  156  lb. 

Louise,      „     35,        ,,      228    ,,  William,    „    3G,      „       145   ,, 

Herbert,    ,,     33,        ,,      210   ,,  Harry,       „    23,      ,,       150   „ 

Of  the  ten  members  of  the  third  generation,  four  have  no  myotonia 
and  their  musculature  is  of  normal  size ;  while  five  who  are  known  to 
be  myotonic  show  a  tendency  to  a  large  musculature.  Another  shows 
the  same  tendency,  but  has  not  been  examined  for  myotonia.  In  the 
case  of  the  younger  children,  however,  it  is  difficult  to  form  a  positive 
opinion  as  to  the  size  of  the  muscles,  and  one  judges  largely  from 
general  impressions,  which  may  a  few  years  hence  prove  to  have  been 
wrong.  But  there  is  no  doubt  whatever  in  the  case  of  the  oldest 
myotonic  member  of  the  third  generation,  Mildred  (fig.  1,  C).  She  is 
12  years  of  age,  has  very  large  muscles  and  weighs  121  lb. 

With  the  exception,  then,  of  the  one  child  who  has  not  been  investi- 
gated, it  may  be  said  on  the  whole  that  those  of  the  descendants  who 
have  inherited  the  first  male's  large  musculature  have  also  inherited 
the  first  female's  myotonia  ;  while  those  who  have  inherited  the  first 
female's  average-sized  musculature,  have  inherited  the  first  male's 
normal  muscular  state. 

The  last  feature  assumes  somewhat  greater  significance  when  the 
other  inherited  characters  are  considered  together  with  the  inheritance 
of  the  two  characters  just  spoken  of.  The  tabulated  inherited  characters 
are  as  follows  :  the  muscular  condition,  the  size  of  the  muscles,  the 
colour  of  the  eyes,  hair  and  skin,  the  form  of  the  nose,  the  facial 
expression,  the  mental  state  and  the  sex.  It  must  be  understood  at  the 
outset,  however,  that  conclusions  respecting  the  colour  of  the  eyes  and 
hair  drawn  from  ordinary  observation,  as  was  done  in  the  present 
instance,  are  not  entirely  reliable.  The  writer  was  assured  by  so 
eminent  an  authority  on  Mendelism  as  Professor  T.  H.  Morgan  that, 
with  the  exception  of  the  colour  of  the  skin,  exact  colour  determina- 
tions are  made  possible  only  by  means  of  rather  complicated  tests. 
In  estimating  the  colour  of  the  hair,  allowances  must  be  made  for  the 
shade,  which  varies  with  age.  Nothing  has  been  said  in  the  report  of 
the  cases  about  the  form  of  the  nose  and  the  facial  expression,  because 
these  characters  are  even  more  difficult  to  define  with  any  degree  of 
exactness  than  is  the  colour  of  the  eyes  and  hair. 
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The  shape  of  the  nose  in  the  myotonic  members  of  the  family 
appears  in  several  ways  different  from  that  in  either  the  psychotic  or 
the  normal  group.  A  single  instance  will  sufhce  for  illustration  :  the 
tip  of  the  nose  in  these  myotonic  persons  is  pointed  ;  in  the  three 
members  of  the  psychotic  group  it  is  rounded.  The  four  types  of 
normal  persons  have  as  many  different  types  of  noses ;  Estelle's  nose, 
for  example,  is  of  the  "  humped  ''  variety,  and  exactly  like  her  father's. 

The  expression  of  the  face  as  a  single  hereditary  entity  is  a  good 
example  of  that  conception  of  the  Mendelian  unit  character  which  is  so 
thoroughly  condemned  by  Pearson  [30],  Conklin  [7],  Morgan  [27],  and 
other  experts  in  Mendelism.  A  moment's  thought  must  indeed  make 
it  plain  to  anybody  that  a  great  number  of  items,  both  structural  and 
functional,  conspire  in  the  production  of  a  given  facial  expression. 
The  inheritance  of  that  "  unit  character  "  must  imply,  therefore,  the 
inheritance  of  all  the  numerous  factors  which  constitute  it. 

It  is  the  opinion  of  the  older  members  of  the  affected  family — and 
that  opinion  is  largely  upheld  by  photographs — that  all  the  myotonic 
members  have  inherited  the  tip  of  the  nose  and  the  facial  expression 
from  the  grandfather — the  first  male  ;  and  that  the  psychotic  members 
have  inherited  these  characteristics  from  the  grandmother — the  first 
female. 

In  the  following  table  the  particular  form  of  the  nose  will  be  desig- 
nated as  pointed,  rounded  or  humped ;  and  the  different  facial  expres- 
sions as  A,  B  and  C. 

From  this  table  we  gather  the  following  facts : — 

(1)  That  with  the  exception  of  viyotonia  and  no  viyotonia,  the 
recorded  characters  of  the  first  male,  as  well  as  those  of  the  first  female, 
formed  an  unbroken  chain  which  was  transmitted  as  a  whole,  con- 
stituting the  general  appearance  and  the  mental  state  of  the  particular 
individual. 

(2)  That  in  some  of  the  offspring  the  general  appearance  and  the 
mental  state  of  the  first  male,  in  others  those  of  the  first  female,  have 
proved  to  be  dominant. 

(3)  That  the  offspring  who  have  inherited  from  the  first  male  his 
general  appearance  and  his  normal  mental  state,  have  also  inherited 
from  the  first  female  the  character  of  myotonia. 

(4)  That  the  offspring  who  have  inherited  the  general  appearance 
and  the  abnormal  mental  state  of  the  first  female,  have  also  inherited 
from  the  first  male  the  normal  state  of  his  musculature. 

(5)  That  myotonia  is  not  sex-linked  in  these  cases. 
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ORIGINAL   ARTICLES   AND   CLINICAL   CASES 


The  records  ou  myotonia  congenita  make  no  mention  of  the 
association  of  any  special  physical  characteristics  with  the  muscular 
abnormality,  with  the  exception  of  a  large  musculature.  Since  no 
general  inference  can  be  drawn  from  a  single  instance,  we  are  for  the 
present  justified  in  the  conclusion  that  tlie  particular  character  which 
ofiered  a  ready  linkage  to  the  character  of  myotonia,  was  that  of  a 
large  musculature. 


□     =  A   large  musculature  and  other  i)liysical 
diaracteiistics  of  tlie  first  male. 
O-  A  musi  ulature  of  average  size  and  other 
physical    characteristics   of   the    first 
female. 


m/      =  Myotonia. 
:!%       =  P.sychosiB. 
Blank     =  Normal. 


^^U0     ^  ^"^^  physical  types.     In  each  case  the  child  resembles  the 

f"    ^  *'  V  parent  who  is  not  a  blood-relation  of  the  attected  family. 

=  Children  who  died  very  young.     Tlie  physical  type  is  not 
known. 

Note. — The  arrangement  is  in  the  order  of  birth. 

Fig.  4. 


In  the  case  of  the  Jamily  in  question,  then,  it  would  apjoear  that 
some  of  its  members  have  a  large  musculature,  not  because  they  are 
myotonic,  but  because  the  hereditary  factor  of  a  large  musculature 
proved  to  be  a  favourable  receptor  jor  the  hereditary  factor  of  myotonia- 
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On  the  Question  of  Paramyotonia. 

Eulenberg  [11],  Delprat  [9],  v.  Solder  [39],  Senator  [38],  Martius 
and  Hansemann  (25)  and  others,  have  described  cases  in  which  a  tardy 
relaxation  of  the  contracted  muscles  occurred  only  in  the  cold.  In 
some  of  the  cases  of  the  first  two  authors  the  muscles  remained  con- 
tracted for  long  periods  of  time,  in  some  instances  for  hours.  Erb  [10] 
was  of  the  opinion  that  cases  of  this  sort  belonged  to  an  entirely 
different  category.  The  affection  has  received  the  name  of  paramyo- 
tonia. That  there  is  hardly  any  justification  for  setting  such  cases 
aside  in  a  different  group  from  Thomsen's  disease  will  appear  from  the 
following  considerations  : — 

Quite  a  number  of  observers  point  out  the  fact  that  the  manifesta- 
tions of  Thomsen's  disease  are  much  more  apparent  during  the  prevalence 
of  cold  weather.  Kron  [28]  goes  so  far  as  to  include  the  influence  of 
cold  in  increasing  the  prominence  of  the  symptoms  among  the  points 
which  justify  a  diagnosis  of  myotonia.  In  Case  2  of  the  present  series, 
the  myotonic  reaction  of  certain  muscles,  which  was  not  apparent  under 
ordinary  circumstances,  was  demonstrated  after  chilling  the  parts.  In 
Case  5  the  myotonic  condition  of  the  musculature  is  exaggerated  in  a 
most  striking  manner  in  cold  weather  and  by  slight  general  indisposi- 
tions, such  as  the  menstrual  period  or  an  ordinary  coryza. 

No  two  of  the  eight  cases  of  the  present  series  are  of  the  same  grade 
of  severity,  nor  do  any  two  exhibit  quite  the  same  manifestations  of  the 
affection.  In  one  the  tardy  relaxation  of  the  muscles  occurs  only  when 
their  contraction  has  been  brought  about  by  a  primitive  form  of  stimulus 
— the  so-called  emotional  or  psychic  stimuli  of  fright  or  anger — and 
then  the  myotonic  phenomena  are  most  pronounced.  In  another, 
almost  any  stimulus  capable  of  evoking  a  muscular  contraction  is  suffi- 
cient to  manifest  the  myotonic  condition  of  the  muscles.  In  still  others 
only  stimuli  applied  directly  over  the  muscle  bring  the  abnormality  to 
light.  The  fact  that  in  some  of  the  cases  classed  under  the  heading  of 
paramyotonia  Erb's  classical  reaction  could  not  be  obtained,  means  only 
that  a  muscular  contraction  brought  about  by  a  stimulus  applied 
from  outside  directly  over  the  muscle  was  not  sufficient  to  elicit  the 
myotonic  reaction  of  that  muscle.  It  will  be  remembered  that  in 
Case  8  of  the  present  series  such  stimuli  were  ineffective,  while  the 
contraction  of  the  orbicularis  palpebrarum  brought  about  by  the  act  of 
sneezing  showed  beyond  a  doubt  the  myotonic  condition  of  that  muscle. 

Viewing  the  matter  from  this  standpoint,  one  is  no  longer  surprised 
to  find  that   two  members  of  the   paramyotonic   family  described  by 
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l^elprat  were  affected  with  typical  forms  of  Thomsen's  disease.  As  is 
the  case  in  every  other  disease,  the  manifestations  of  Thomsen's  disease 
are  somewhat  different  in  different  persons,  and  different  in  the  same 
person  under  varying  conditions.  Yet  for  all  its  variations  the  main 
feature  of  the  disease  reniains  the  same — an  inherited  affection  charac- 
terized by  the  failure  of  the  contracted  muscles  to  relax  with  a  sufficient 
degree  of  despatch. 

Myotonia  with  Myatrophy.      A  Mendelian  Sub-Lethal  Factor. 

Myotonia  Acquisita. 

The  number  of  cases  in  which  myotonia  is  associated  with  muscular 
atrophy  is  very  considerable.  Nearly  all  writers  agree  that  the  muscular 
strength  of  persons  affected  with  Thomsen's  disease,  in  relation 
to  the  size  of  their  muscles,  is  below  the  normal.  The  coincidence  of 
myotonia  with  gross  muscular  atrophy  has  been  described  by  Hoffmann 
[14],  Jolly  [21],  Schultze  [37],  Bettmann  [4],  Pelizaeus  [31],  Batten 
and  Gibb  [2],  Nonne  [29],  Fuchs  [13],  Rossolimo  [33],  Lannois 
[24],  Nogues  and  Sirol  [28],  v.  Voss  [42],  Kamsey  Hunt  [16],  and 
others.  Pelz  estimates  the  occurrence  of  atrophy  in  myotonia  at  11  to 
12  per  cent.  The  fact  that  atrophied  fibres  have  been  found  mingled 
among  the  greatly  hypertrophied  ones  in  cases  where  there  was  no 
gross  muscular  atrophy,  is  significant. 

After  observing  the  manner  in  which  antagonistic  muscles  interfered 
with  each  other's  actions,  it  occurred  to  the  writer  that  atrophy  might 
be  caused  by  the  repeated  pulling  and  stretching — an  actual  tearing  of 
muscle-fibres  by  the  antagonistic  muscles.  The  action  of  the  facial 
muscles,  however,  would  appear  to  be  altogether  too  weak  for  such  an 
accident  to  occur.  Yet  the  facial  muscles  are  involved  in  the  atrophy  in 
a  great  number  of  the  cases  described. 

That  some  nerve  elements  are  involved  in  the  disease  in  a  number  of 
cases  might  easily  be  surmised  from  certain  of  the  subsidiary  symptoms. 
A  number  of  these  patients  suffer  with  muscular  pains.  In  the  present 
series  Cases  2,  3  and  5  complain  of  such  pains.  The  diminution  or  the 
absence  of  some  of  the  tendon  reflexes  is  not  infrequent  in  the  more 
pronounced  cases  of  myotonia  without  any  atrophy,  and  it  is  very 
frequent  in  the  cases  with  atrophy.  In  the  most  pronounced  case  of 
the  present  series.  Case  5,  most  of  the  tendon  reflexes  are  absent  or  very 
much  diminished,  yet  there  is  no  discoverable  atrophy,  and  the  muscles, 
when  struck  with  the  hammer,  respond  by  normal  contractions.  The 
widespread  and  long-lasting  paralysis  caused  by  diphtheria  in  Cases  2 
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and  6  (at  the  ages  of  18  and  3  respectively)  compels  the  thought  of 
a  special  susceptibility  of  the  neural  elements  in  these  cases.  Of  the 
thirteen  members  of  the  second  generation,  seven  died  in  infancy  from 
obscure  causes.  Yet  the  family  was  not  poverty-stricken  and  its  manner 
of  living  not  unhygienic.  Although  such  an  occurrence  is  not  very 
unusual,  yet  the  fact  that  the  six  survivors  as  well  as  their  children  are 
all  affected  with  one  chronic  disease  or  another,  naturally  impels  one  to 
look  for  a  common  cause  of  death  and  disability  in  the  stricken  family. 
In  the  light  of  the  recent  discoveries  in  the  field  of  inheritance,  the 
latter  consideration  should  not  appear  as  altogether  far-fetched. 
Morgan  [27]  and  others  have  described  a  Mendelian  lethal  factor  in 
some  of  the  breeds  of  the  Chrysophila  fly.  In  the  case  of  the  family 
under  description  w-e  have  seen  that  the  condition  of  myotonia  has 
been  inherited  as  an  independent  factor  from  the  first  female  ;  and  that 
it  has  become  dominant,  that  is  to  say  has  become  manifest  as  a  muscle 
abnormality,  in  those  cases  where  the  offspring  have  inherited  a  large 
musculature.  But  there  is  nothing  in  the  history  of  this  family,  as  far 
as  it  has.  been  ascertained,  to  prove  that  the  psychosis  of  the  first  female 
was  an  entirely  independent  factor  from  that  of  myotonia.  The  fact 
that  in  the  records  of  myotonia  congenita  we  find  almost  universally  the 
muscular  disorder  associated  immediately  or  mediately  with  psycho- 
pathies, speaks  against  the  independence  of  the  factor  of  myotonia  from 
that  of  the  abnormal  mental  state  of  the  first  female  in  this  series.  And 
this  conjecture  is  rather  corroborated  by  the  fact  that  a  certain  number 
of  the  myotonics  in  this  family,  although  free  from  psychopathv,  are 
not  free  from  neuropathies.  After  a  careful  consideration  of  the  facts  in 
connexion  with  this  family,  the  suspicion  has  been  forced  upon  the 
writer  that  myotonia  congenita  is  caused  primarily  not  by  an  inherited 
abnormality  of  muscular  structure  or  function,  but  by  an  inherited  sub- 
lethal factor  which  exerts  an  injurious  action  upon  the  neuro-muscular 
system.  In  seven  cases  the  injurious  action  of  this  hypothetical  agent 
was  sufficient  to  determine  the  balance  in  favour  of  death.  In  other 
instances  the  existence  of  this  agent  is  manifested  in  myotonia  with 
atrophy  of  individual  muscle  fibrils,  or  of  entire  muscles  and  muscle- 
groups.  In  still  others  it  causes  myotonia,  with  muscular  pains  and  a 
diminution  of  the  tendon  reflexes,  with  or  without  muscular  atrophy. 
In  others  still,  especially  in  cases  where  the  musculature  is  not  con- 
genitally  of  large  volume,  the  muscular  system  is  spared,  and  the 
action  of  the  inherited  injurious  agent  is  upon  the  highest  cerebral 
structures. 
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Such  a  conception  of  the  disease  might  help  to  explain  not  only 
the  singular  co-existence  of  psychoses  with  the  muscular  disorder  either 
in  different  members  of  the  same  family  or  in  the  same  person,  but  the 
occurrence  of  the  temporary  and  acquired  forms  of  the  disease  as  well. 
If  myotonia  congenita  is  caused  by  an  inherited  abnormal  content  of 
the  body  fluids,  then  a  temporary  myotonia  might  be  caused  by  a 
tem[K)rary  alteration  of  the  contents  of  the  body  fluids  of  a  certain  kind. 
Such  a  temporary  alteration  of  the  body-fluids  must  have  occurred  in 
the  cases  described  by  Talma  [40]  with  an  acute  febrile  onset  and 
severe  gastro-enteric  disturbances ;  and  by  Schultze  [36]  in  connection 
with  gastric  dilatation,  associated  with  the  symptoms  and  signs  of  tetany. 
The  .same  principle  might  be  applied  to  the  cases  where  myotonia  has 
occurred  in  the  course  of  severe  disturbances  of  the  central  nervous 
system,  such  as  the  case  of  brain  tumour  described  by  Bremer  and 
Carson  [5]  ;  of  myotonia  associated  with  athetosis  described  by 
Kaiser  [22],  and  of  myotonia  occurring  in  connection  with  syringo- 
myelia, mentioned  by  v.  Frankl-Hochwart  [12]  and  bv  Schlessinger 
[35]. 

A  Psychological  Concomitant  of  Thomsen's  Disease. 

It  will  appear  from  the  history  taken  in  connection  with  Case  2  that 
the  myotonic  mother  of  four  myotonic  children,  and  herself  the 
daughter  of  a  myotonic  mother,  was  reluctant  to  admit  that  she 
sufi"ered  from  any  muscular  disorder.  As  a  matter  of  fact  she  strenu- 
ously denied  the  existence  of  the  disorder  in  any  member  of  her  family, 
and  this  denial  was  maintained  for  weeks  in  the  face  of  numerous  facts 
to  the  contrary. 

Such  an  attitude  of  mind  appears  to  be  a  pretty  constant  con- 
comitant of  the  muscular  disorder,  and  is  mentioned  by  a  number  of 
writers.  Jendrassik  [19] ,  in  his  able  summary  of  the  affection,  mentions 
the  fact  that  "the  patients  seek  to  conceal  their  infirmity  by  all  sorts  of 
artifices."  Thomsen  himself  must  have  been  thoroughly  aware  of  this 
attitude  in  his  own  case  when  he  said  :  "  There  is  an  active  psychic 
factor  involved,  namely,  the  fear  of  ridicule.  As  soon  as  the  feeling 
arrives  that  those  about  will  discern  and  observe  the  disability,  the 
symptoms  become  aggravated  in  the  highest  degree."  In  the  present 
case  of  the  mother  of  the  myotonic  children  there  was,  in  addition  to 
the  desire  to  conceal  a  lifelong  disability  that  is  so  thoroughly  disguised 
by   an   appearance   of   perfect   health  and  strength,  another  inhibitory 


A    STUDY    OP    THOMSEN'S    DISEASE  29 

factor.  It  was  the  wish  to  suppress  the  consciousness  of  a  responsibility 
of  having  transmitted  her  infirmity  to  future  generations,  innocent  as 
she  certainly  was  of  any  wrong  motive  at  the  time  when  the  responsi- 
bility was  taken. 
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A    CONTKIBUTION    TO    THE  ANATOMY  OF    SPINA  BIFIDA. 

BY  VIOLET   H.    KEILLER,    A.B.,  M.D. 
From  the  Laboratory  of  Surgical  Pathologij  of  the  University  of  Texas,  Galveston. 

Introduction. 

The  purpose  of  this  paper  is  to  emphasize  certain  features  in  the 
minute  structure  of  cases  of  spina  bifida  which  have  a  direct  bearing 
on  details  of  operative  procedure,  and  on  prognosis  as  regards  nervous 
function  after  and  apart  from  operation. 

Recent  medical  literature  contains  few  accurate  descriptions  of 
specific  cases  of  rachischisis,  and  the  discussion  and  diagrams  in  the 
average  surgical  treatise  are  imperfect  in  detail  and  often  misleading. 
Since  Virchow,  Lebedeff  and  v.  Recklinghausen  in  the  eighties,  first 
called  attention  to  the  embryological  basis  of  the  defect,  very  little  new 
work  has  been  done,  and  it  appears  that  this  early  work  has  been 
largely  lost  sight  of.  Surgeons  have  depended  upon  operative  findings 
which  are  necessarily  incomplete,  and  pathologists  have  left  these 
deformities  severely  alone.  It  is  true  that  the  study  of  anomalies  in 
many  instances  is  not  a  fruitful  one.  To  the  study  of  this  particular 
group  of  abnormalities,  however,  much  practical  value  attaches,  as  a 
large  proportion  of  the  less  severe  types  demand  surgical  relief.  The 
number  of  cases  here  reported  is  small,  and  the  records  in  some  are 
necessarily  incomplete,  but  material  of  this  nature  is  difficult  to  obtain, 
and  especially  so  in  the  milder  cases  round  which  surgical  interest 
centres. 

Before  passing  to  the  discussion  of  individual  cases  it  seems 
advisable  to  recall  briefly  the  normal  development  of  the  structures 
which  are  defective,  and  the  general  morphology  of  the  types  of  defect 
encountered. 
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DEVKLOrMliNT    OF    CENTRAL    NeRVOUS    SYSTEM    AND   VERTEBRAL 

Column. 

The  central    nervous  system   first   appears  as  a  thickening  of  the 
surface  ectoderm  along  the  mid-dorsal  line  of  the  embryo,  the  medullary 

Neural  plate 


Neural  groove 


A 


XeuraJ  tube 

Neural  crest 


Notochord 

Fig.  1,  A,  B,  C  — Transverse  sections  of  chick  embryos,  showing  stages  in  the  formation 

of  the  neural  tube. 

plate  (fig.  1,  A).  The  edges  of  this  plate  rise,  turn  toward  the  mid-line 
and  finally  meet  and  fuse,  forming  a  closed  tube  (fig.  1,  B,  C).  Fusion  is 
segmental  in  character ;  it  takes  place  first  in  the  cervical  region,  and 
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progresses  backward  and  forward,  being  delayed  longest  in  the  cephalic 
and  caudal  segments  (fig.  3).  Ultimately  the  closed  neural  tube  sinks 
beneath  the  surface,  mesodermal  structures  interpose  themselves  and 
the  neural  ectoderm  continues  its  growth  independently  of  the  integu- 
ment. In  the  regions  last  closed  there  remain  for  some  time  minute 
openings,  the  neuropore  at  the  anterior  extremity  and  the  caudopore  at 
the  posterior,  through  which  the  central  canal  communicates  with  the 
exterior.     Ultimately  these  openings  also  become  closed. 


Marginal 


R.  post.    _ 


G.  spin. 


H.  ant. 


G.  syniiy.      


Pr.  n. 


Pr.  c. 


Pig.  2.  — Schematic.  Left  side  modified  from  Prentiss  and  Arey,  showing  the  origin 
of  the  spinal  ganglia  and  the  spinal  nerve  roots.  Right  side  represented  as  though  sectioned 
through  vertebral  body,  showing  the  early  stage  of  vertebral  development  with  the  origin 
of  the  neural  arch. 
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In  the  meantime,  even  before  the  medullary  folds  have  completely 
fused,  an  increase  in  size  of  the  cephalic  portion  of  the  folds  becomes 
apparent  and  one  can  differentiate  the  brain  from  the  spinal  cord  (fig.  3). 
It  is  not  necessary  here  to  deal  with  the  complex  further  develop- 
ment of  the  cerebral  vesicles,  but  attention  must  be  confined  to  that 
of  the  cord.  In  its  separation  from  the  surface  ectoderm  there  persists 
for  a  time  at  the  mid-line  a  chain  of  cells,  the  neural  crest  (fig.  1,  C), 
having  the  characteristics  of  the  cells  of  the  neural  tube  proper.  From 
this  chain  are  formed  the  posterior  root  ganglia  (fig.  2,  G.  sjjin.)  and  the 
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ganglia  of  the  sympathetic  system   (fig.  "2,  G.   si/?np.),  as   well  as  the 
nerve  cells  found  in  various  viscera. 

The  further  development  of  the  spinal  portion  of  the  neural  tube 
consists  in  the  rapid  proliferation  and  specialization  of  its  cells  resulting 
in  a  differentiation  into  three  zones,  outer,  middle  and  inner,  dis- 
tinguished by  the  grouping  and  ultimate  fate  of  their  cell  contents. 
Certain  of  the  cells  become  neuroblasts,  the  forerunners  of  neurons  ; 
certain  others,  also  ectodermal,  become  supporting  glial  cells.  The 
inner  zone  (fig.  2,  Ependyynal)  undergoes  but  little  increase;  it  consists 
of  glial  cells  only,  which'form  the  ependymal  lining  of  the  small  persis- 
tent central  canal  and  the  narrow  surrounding  layer  of  gelatinous 
tissue.  The  middle  zone  (fig.  2,  Mantle),  containing  the  neuroblasts, 
becomes  the  grey  matter  of  the  cord  ;  the  outer  zone  (fig.  2,  Marginal) 
becomes  the  white  matter,  consisting  of  the  processes  from  the  neuro- 
blasts of  the  middle  zone  and  of  the  spinal  ganglia,  supported  in  a 
meshwork  of  neuroglia. 

The  middle  zone  rather  early  becomes  differentiated  into  an  alar, 
posterior  lamina,  and  a  basal,  anterior  lamina.  In  the  alar  lamina  are 
developed  the  structures  of  the  posterior  horn.  In  the  basal  lamina  are 
developed  the  motor  nerve-cells  of  the  anterior  horn,  and  the  emerging 
fibres  of  these  pass  out  as  the  anterior  nerve  roots  (fig.  '-,  B.  ant.) 
between  the  segments  of  the  developing  vertebrae.  Meantime  the  spinal 
ganglia  which  have  formed  from  the  neural  crest  pass  ventrally  and 
laterally  until  they  lie  in  the  spaces  between  the  vertebrae,  in  close  con- 
tact with  the  anterior  nerve  root  fibres.  From  the  cells  of  the  ganglia 
processes  pass  into  the  outer  zone  of  the  cord  and  form  the  posterior  roots 
(fig.  2,  a.  ])Ost.)  of  the  spinal  nerves.  Fibres  from  these  ascend  in  the 
posterior  columns  ;  others  form  synapses  about  the  cells  of  the  posterior 
horn.  These  relations  are  shown  diagrammatically  in  the  left  side  of 
fig.  2,  representing  a  cross  section  of  a  10-mm.  human  embryo. 

While  these  changes  are  occurring  within  the  neural  tube,  mesen- 
dermal  structures  come  into  relation  with  it,  and  form  a  delicate 
sheath,  which  later  becomes  separated  into  three  layers,  pia,  arachnoid, 
and  dura  mater.  Anteriorly,  the  vertebral  column  is  developing  with  the 
notochord,  which  is  shown  in  fig.  1,  A  and  B,  as  its  point  of  departure. 

The  right  half  of  fig.  2  shows  diagrammatically  an  early  stage  in 
vertebral  development.  Surrounding  the  notochord  is  the  rudiment  of 
the  body  of  the  vertebra  iC.  V.),  with  the  beginning  of  a  costal  process 
(P)-.  c.)  and  a  second  process  {Pr.  n.)  directed  dorsalward  and  partly 
enclosing  the  spinal  medulla.     This  is  the  neural  process  from  which 
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develop  the  laminae  and  the  spinous  processes.  The  laminar  processes 
grow  out  from  the  neural  process  toward  the  mid-line  of  the  embryo, 
surrounding  the  spinal  cord  and  forming  the  spinal  canal.     In  a  foetus 


Neural  tube 


Unclosed  neural  tube 


Nenrenteric  canal 


Hind  brain 


Mesoblastic  somite 


Fig.  3. — Human  embryo  of   ii-11  mm.,  showing  closure  of  neural  tube,  and  early 
stage  in  difierentiation  of  cerebral  region.     (After  Keibell  and  Mall.) 


of  33  mm.,  about  nine  weeks,  they  extend  well  out  towards  the  mid- 
dorsal  line,  and  are  united  across  this  by  a  membrane  of  connective 
tissue.  In  one  of  50  mm.,  about  the  eleventh  week,  they  are  united  so 
as  to  form  a  canal  similar  to  the  adult  spinal  canal,  and  small  spinous 
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processes  are  developed  upon  them.  The  completion  of  the  spinal 
canal  takes  place  earlier  in  the  thoracic  than  in  the  cervical  and  lumbar 
regions. 


Fig.  4. -Human  embryo,  aged  3  months,  showing  the  spinal  cord  extending  to 
tip  of  coccyx.     (After  Keibell  and  Mall.) 

During  this  period,  as  is  shown  in  fig.  4,  the  cord  extends  throughout 
the  whole  length  of  the  spinal  canal,  and  the  nerve  roots  and  spinal 
ganglia  formed  in  each  segment  take  up  a  position  between  the  bases 
of  the  neural  arches,  in  the  future  position  of  the  intervertebral  fora- 
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mina.  Growth  of  the  neural  tube  and  of  the  vertebrae  progresses  at 
equal  rate  until  the  third  month,  and  up  to  this  time  the  nerve  roots 
continue  to  pass  out  of  the  canal  perpendicularly  to  the  long  axis  of  the 
cord.  Fig.  5,  A,  show^s  a  diagrammatic  representation  of  the  relative  posi- 
tions of  neural  and  of  vertebral  segments  at  this  stage.  In  the  further 
growth  of  the  embryo,  however,  the  growth  of  the  neural  tube  is  out- 
stripped by  that  of  the  vertebral  column,  and  as  it  is  anchored  above 
by  its  attachment  to  the  medulla  it  remains  high  in  the  canal,  terminat- 
ing at  birth  at  the  level  of  the  third  lumbar  vertebra  (fig.  5,  B).  This 
is  usually  referred  to  as  "  the  upward  migration  of  the  cord."  At  the 
tip  of  the  coccyx,  the  extremity  of  the  cord  remains  for  a  long  time 
connected  with  the  surface  (fig.  5,  A),  and  this  connection  pulls  the  end 
of  the  cord  and  the  pial  sheath  into  the  slender  filum  terminale  (fig.  5,  B). 
It  will  be  necessary  to  describe  this  in  greater  detail  later,  as  it  has 
direct  bearing  on  the  defects  which  occur  at  this  region  of  the  neural 
canal.  The  spinal  nerves,  having  a  fixed  relation  to  the  intervertebral 
foramina,  are  carried  away  from  the  cord  segments  with  which  they 
are  connected  by  the  growth  of  the  vertebrae.  Their  roots  elongate  to 
compensate  for  the  unequal  growth,  so  that  while  those  from  the 
upper  segments  continue  to  pass  out  almost  horizontally,  those  from 
the  lower  segments  descend  more  and  more  within  the  canal  as  one 
passes  downwards.  At  birth  a  cauda  equina  is  found  similar  to  that 
in  the  adult.  Fig.  5,  B,  shows  schematically  the  relation  of  cord, 
spinal  ganglia  and  nerve  roots  as  they  are  found  in  the  full-term  foetus ; 
it  does  not  differ  materially  from  that  in  the  adult.  It  should  be  men- 
tioned that  in  making  fig.  5  the  skeletal  basis  of  the  diagram  was  drawn 
to  scale  from  an  actual  dissection  in  a  seven  months'  foetus.  For  pur- 
poses of  comparison  this  skeletal  scheme  was  used  for  all  the  diagrams 
in  this  figure,  as  the  particular  change  under  consideration  seemed 
better  brought  out  in  this  way. 

The  formation  of  the  filum  terminale  and  its  relation  to  the  coccygeal 
segments  of  the  cord  has  a  direct  bearing  on  the  structure  of  lumbo- 
sacral spina  bifida  as  it  differs  from  spina  bifida  in  other  areas  of  the 
neural  tube,  and  must  therefore  be  discussed  in  slightly  greater  detail. 
The  coccygeal  segments,  with  the  exception  of  the  first,  are  rudi- 
mentary. Their  cells  do  not  differentiate  beyond  the  embryonic  stage  of 
a  layer  of  glia  cells  surrounding  a  central  canal.  The  last  coccygeal 
segment  remains  attached  to  the  surface  ectoderm,  and  with  the 
increased  growth  of  the  vertebrae  this  undifferentiated  area  becomes 
drawn  out    into  a  slender  thread  of  glia  in  which  for  a  long  time  there 
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Fig.  5,  A,  B,  C,  D.— Diagrammatic  representation  of  migration  of  cord  and  relations  of 
nerve  roots:  A,  in  3  months'  foetus;  B,  in  foetus  at  term;  C,  in  Ca.se  I,  myelocele; 
D,  in  Case  III,  myelomeningocele.  The  skeletal  basis  of  all  the  figures  was  taken  from  a 
dissection  of  the  spinal  column  of  a   7  months'  foetus. 
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is  a  persistent  central  canal.  It  remains  attached  to  skin  by  its  tip,  and 
higher  up  in  the  rudimentary  coccygeal  part  of  the  spinal  canal  it  is 
separated  from  the  skin  only  by  imperfectly  differentiated  meningeal 
layers,  and  by  a  band  of  fibrous  tissue  which  alone  represents  the  vesti- 
gial coccygeal  laminae  (fig.  5,  B).  Even  in  the  full-term  foetus  nervous 
elements  can  still  be  found  in  it.  The  filum  terminale  as  low  down  as 
it  remains  glial  represents,  therefore,  the  lower  four  coccygeal  (tail) 
segments,  which  have  become  drawn  out  so  that  they  stretch  from  the 
tip  of  the  coccyx  to  the  level  of  the  first  coccygeal  cord  segment  which 
lies  at  the  level  of  the  third  lumbar  vertebra.  The  normal  adherence 
of  the  end  of  the  cord  to  the  skin  surface,  and  its  persistent  rudi- 
mentary state  in  this  region,  have  a  direct  effect  in  producing  one 
variety  of  meningomyelocele  found  in  this  region  of  the  spine. 

Morphological  Basis  of  Spina  Bifida. 

It  is  not  within  the  scope  of  this  paper  to  enter  into  the  underlying 
causes,  probably  of  a  bio-chemical  nature,  which  determine  the  occur- 
rence of  spina  bifida  and  of  other  basic  developmental  defects.  It  is 
necessary  merely  to  point  out  the  morphological  factors  which  are 
concerned  in  this  particular  class  of  cases. 

Apparently  the  mechanism  of  closure  of  the  medullary  folds  is  one 
of  the  most  delicately  adjusted  of  developmental  processes,  for  anomalies 
are  of  fairly  frequent  occurrence  both  in  man  and  in  other  vertebrates. 
In  chick  embryos  which  have  been  improperly  incubated  it  is  a 
common  experience  of  the  embryologist  to  find  a  number  in  which  the 
folds  have  partly  or  entirely  failed  to  unite  in  the  usual  time  sequence 
with  other  organs.  Usually  very  young  embryos  only  present  this 
deformity,  probably  because  the  older  individuals  die  from  the  un- 
favourable conditions  which  have  produced  the  defect.  Other  labora- 
tory embryos,  as  opossums,  pigs,  &c.,  present  the  defect  more  rarely, 
doubtless  because  of  the  normal  conditions  of  their  existence,  as  these 
embryos  are  fixed  and  prepared  in  utero,  and  not  artificially  incubated. 

It  will  be  seen  that  any  interference  with  the  closure  of  the  medul- 
lary folds  will,  of  itself,  cause  a  corresponding  interference  with  the 
development  of  the  neural  arch  of  the  vertebra  forming  around  that 
region  of  the  cord.  Any  defect,  however  slight,  involving  the  medullary 
tube  proper,  is  associated  with  defect  of  the  vertebral  neural  canal.  Such 
medullary  tube  defect  has  morphologically  a  wide  range  of  possibilities, 
from  mere  delay  in  the  closure  of  the  caudopore  with  a  consequent 
delay  in  the  development  of  the  membranes  of  the  cord  in  this  region 
and  of  the  integument  covering  them,  to  a  complete  lack  of  the  infolding 
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of  the  medullary  plates,  with  or  without  differentiation  of  the  neural 
ectoderm  forming  the  plates.  In  certain  cases  the  defect  in  the  medul- 
lary tube  has  been  so  slight  or  so  evanescent  that  in  the  fully  developed 
embryo  no  trace  of  defect  remains  in  the  cord  itself,  but  its  existence  is 
revealed  by  an  imperfection  of  membranes  associated  with  a  corre- 
sponding defect  in  the  vertebral  canal.  In  still  other  cases,  one  finds 
no  such  definite  evidence  of  an  original  medullary  tube  defect,  the 
anomaly  consisting  merely  of  a  failure  in  the  fusion  of  the  vertebral 
spines  or  of  the  laminae.  More  rarely  laminae  are  partly  or  wholly 
absent.  This  is  probably  also  dependent  in  a  proportion  of  cases  on 
medullary  tube  defect,  for  nervous  symptoms  are  not  infrequent. 
Reference  will  be  made  to  this  later  in  the  discussion  of  the  types  of 
spina  bifida  encountered  in  actual  specimens. 

It  will  be  seen  that  all  these  variations  of  the  deformity  may  occur 
throughout  the  entire  length  of  the  medullary  tube,  or  may  be  limited 
in  extent.  The  development  of  the  cephalic  extremity  of  the  tube  and 
of  the  cranium  is  so  divergent  from  that  of  the  spinal  cord  that  no 
attempt  wnll  be  made  in  this  paper  to  discuss  defects  involving  the 
brain  (cranio-rachischisis).  It  must  be  remembered,  however,  that 
defective  development  of  one  part  of  the  neural  tube  is  prone  to  be 
associated  with  defective  formation  of  other  parts,  and  cephalic  abnor- 
malities are  frequently  found  with  spinal.  Fusion  of  the  spinal  part 
of  the  medullary  folds  tends  to  be  normally  later  in  the  cephalic  and  in 
the  caudal  ends  of  the  embryo  than  in  the  mid-thoracic  regions,  and 
local  defects  are  more  apt  to  occur  at  these  points ;  but  the  fusion  is 
segmental  in  character  and  segments  at  any  region  may  fail  to  unite 
without  necessarily  impeding  the  union  of  segments  above  or  below. 
The  rudimentary  character  and  morphological  peculiarities  of  the 
coccygeal  segments  (filum  terminale)  already  alluded  to  may  be 
responsible  for  the  great  number  of  defects  occurring  in  this  region. 

It  is  particularly  necessary  to  remember  the  time  sequence  of  the 
structures  which  participate  in  the  defect.  Normally  the  entire  neural 
tube  is  closed  at  the  end  of  the  third  week  ;  it  is  then  the  full  length 
of  the  embryo.  Normally  the  vertebral  neural  arches  from  the  first 
cervical  to  the  third  or  fourth  sacral  are  closed  at  50  mm.  (eleventh 
week)  ;  the  arches  below  the  fourth  sacral  are  normally  rudimentary. 
The  defect,  whether  it  be  a  failure  of  closure  of  the  medullary  groove, 
or  an  adherence  of  meningeal  layers  to  skin,  cannot  occur  after  the 
vertebral  arches  are  closed  ;  and  at  this  period  of  growth  and  indeed 
for  a   short  time  thereafter   (third  month),  the  vertebral  column  and 
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the  spinal  cord  are  increasing  in  size  ^ja?*i  jjassu,  so  that  each  cord 
segment  lies  in  line  with  the  corresponding  vertebral  segment.  How- 
ever, should  defect  occur,  the  general  development  of  the  remainder 
of  the  embryo  may  go  on  unaltered  except  by  mere  mechanical  hind- 
rance at  the  point  of  defect.  It  is  also  possible  that  growth  in  size  and 
histological  changes  may  occur  even  in  the  defective  area,  as  though 
it  were  morphologically  perfect.  On  the  other  hand,  if  the  morpho- 
logical defect  is  great,  or  has  been  produced  at  a  more  "  critical  period  " 
in  the  development,  no  growth  nor  differentiatiou  of  tissues  may  occur, 
and  in  such  cases  the  mechanical  factor  determining  other  local 
changes  may  be  greatly  increased. 

It  is  necessary  to  emphasize  these  points  because  it  has  been 
customary  to  describe  rachischisis  as  though  the  parts  involved  bore 
the  same  relations  to  their  surroundings  at  the  time  of  the  origin  of 
the  defect  as  they  would  normally  bear  in  the  same  locality  in  the  fully 
developed  foetus. 

Types  of  Spina  Bifida. 

If  the  entire  length  of  the  spinal  canal  remains  open  the  condition 
is  known  as  rachischisis  totalis  ;  if  a  considerable  number  of  segments 
are  involved,  but  not  all,  it  is  known  as  rachischisis  partialis;  if  a 
small  number  are  involved,,  the  remainder  being  normal,  rachischisis 
restricta.  If  the  neural  groove  has  remained  open  the  rachischisis  is 
said  to  be  complete  ;  if  it  has  closed,  it  is  incomplete.  Rachischisis 
totalis  iy  practically  always  complete  in  its  entire  extent,  but  there 
appear  to  be  a  few  cases  in  which  the  lower  segments  of  the  cord  have 
closed  and  are  covered  by  meningeal  layers,  though  skin  and  vertebrae 
are  defective.  In  rachischisis  partialis  part  of  the  defect  is  complete, 
but  in  practically  all  cases  part  will  be  found  to  be  incomplete.  In 
rachischisis  restricta  the  majority  of  cases  are  incomplete,  a  few  com- 
plete, and  a  considerable  number  are  incomplete  in  some  of  the  segments 
and  complete  in  others.  The  further  classification  is  rendered  difficult 
by  the  merging  of  one  type  into  the  other  due  to  the  varying  degrees  of 
causative  defect ;  it  is  perhaps  most  satisfactory  if  it  is  made  upon  an 
embryological  basis. 

The  varieties  fall  into  three  classes  from  an  embryological  point  of 
view  :  (1)  Those  in  which  the  gross  defect  is  limited  to  mesoblastic 
structures.  (2)  Those  in  which  the  defect  is  mainly  mesoblastic,  but 
in  which  there  is  a  slight  ectodermal  defect.  (8)  Those  in  which  the 
gross  defect  is  ectodermal   and    the  mesoblastic    condition    is  a  mere 
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accompaniment.  Probably  in  the  more  severe  cases  of  Class  1,  and 
in  all  cases  of  Class  2.  the  causative  factor  is  primarily  ectodermal, 
but  the  imperfection  of  this  has  been  obscured  by  its  relatively  normal 
aftergrowth. 

Class  1. — Mesoblastic  defect  irachischisis  incompleta  restricta). 

{A)  Spina  Bifida  Occulta. 

The  simplest  forms  of  this  type  are  those  in  which  the  spines  of  one 
or  more  vertebrte  are  bifid  either  at  their  tips  or  to  the  bases  of  the 
spines.  The  spine's  of  the  upper  cervical  vertebrae  are  normally  bifid 
in  Europeans,  but  one  frequently  finds  in  the  dissecting  room  a  seventh 
cervical  with  bifid  spine,  and  more  rarely  other  vertebrae.  These  cases 
never  give  rise  to  symptoms,  and  are  probably  never  associated  with 
nervous  defect. 

A  more  serious  anomaly  is  that  in  which  the  laminae  (neural  arches) 
are  incompletely  formed  or  entirely  lacking.  In  the  normal  spinal 
column  the  fourth  sacral  sometimes,  and  the  fifth  sacral  and  coccygeal 
vertebrae  always,  present  this  defect,  and  it  is  not  infrequently  encoun- 
tered in  the  higher  sacral  and  the  lower  lumbar  vertebrae,  without  any 
associated  lesion  of  meninges  or  cord.  More  rarely  the  absence  or 
imperfection  of  the  laminae  is  accompanied  by  an  adhesion  between 
meninges  and  integument,  abnormal  fat  development,  or  peculiarities 
of  the  epidermal  structures,  as  hypertrichosis.  Without  such  external 
evidence  of  anomaly  the  condition  is  not  ordinarily  discovered  except 
in  the  course  of  a  chance  X-ray  examination,  or  of  anatomical  dissection. 
In  a  certain  proportion  of  cases,  however,  the  adhesions  or  the  over- 
growth of  fatty  tissue  cause  pressure  symptoms,  and  anaesthesia, 
paraesthesia,  or  paresis  call  the  surgeon's  attention  to  the  condition,  and 
operation  for  the  relief  of  pressure  reveals  the  true  nature  of  affairs.  A 
certain  number  of  these  cases  probably  represent  small  meningoceles  of 
Class  1  (B)  which  have  become  obliterated  in  early  life. 

{B)  Meningocele. 

Here  the  vertebrae  are  defective,  and  in  addition  there  is  present  a 
cystic  protrusion  of  the  meninges.  Careful  examination  of  cases  of 
this  type  shows  that  the  relationship  of  the  various  meningeal  layers 
presents  wide  variations.  In  some  differentiation  of  the  integument 
has  proceeded  normally,  and  the  cystic  tumour  is  covered  by  well- 
formed  skin.     In  the  majority,  however,  the  integument  is  thin,  covered 
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by  imperfect  epidermis  and  adherent  to  the  presenting  meninges.  To 
this  imperfect  skin  the  term  "parchment"  is  fittingly  appHed  ;  it  is 
poorly  vascularized  and  of  low  vitality.  On  opening  into  the  sac  and 
examining  its  walls  one  may  find  a  variety  of  conditions.  (1)  The  sac 
wall  may  be  composed  of  fused  dura  and  arachnoid,  or  of  these  two 
layers  in  close  proximity  but  not  fused,  forming  a  distended  single  sac 
representing  the  subarachnoid  space,  in  the  bottom  of  which  the  cord 
courses  down  covered  by  pia  in  the  normal  manner.  (2)  The  dura  and 
the  arachnoid  may  be  separated  by  a  collection  of  fluid,  the  tumour 
consisting  of  an  outer  dural  and  an  inner  arachnoid  sac,  the  pia  and  cord 
being  normal.  (3)  The  outer  layer  of  pia  may  be  likewise  distended, 
forming  a  third,  usually  much  smaller  sac,  within  which  the  cord  lies. 
(4)  In  any  one  of  these  forms  the  cord  may  be  lifted  up  by  the  fluid 
round  it,  and  may  course  through  the  middle  of  the  cyst,  presenting, 
however,  no  obvious  abnormality.  This  condition,  however,  does  not 
seem  to  be  well  authenticated. 

Class  2. — Mesoblastic  defect  with  slight  epiblastic  defect: 
(rachischisis  incompleta  restricta). 

(A)  Myelo-meningocele. 

Here  we  find  a  meningocele  in  which  the  neural  tube  has  closed  but 
has  remained  in  contact  with  the  surface  ectoderm  in  a  small  part  of 
its  extent,  the  result  of  delayed  closure  usually  near  the  caudopore. 
The  cord  is  drawn  by  adhesions  to  the  surface  of  the  sac,  and  is  attached 
by  a  greater  or  less  portion  of  its  length  to  the  sac  wall.  The  nerve 
roots  may  pass  down  from  its  ventral  surface  to  reach  their  foramina, 
or  may  be  caught  in  the  adhesions  and  course  down  over  the  surface 
of  the  sac.  These  cases  are  always  covered  by  parchment  skin,  but  by 
the  microscope  integumentary  structures  may  be  demonstrated  lying 
dorsal  to  the  neural  tube.  This  variety  is  probably  confined  to  lumbo- 
sacral rachischisis,  and  is  the  result  of  the  peculiarity  of  the  develop- 
ment of  the  coccygeal  segments  already  noted  ;  it  is,  however,  often 
confused  with  more  severe  types  in  which  some  cord  segments  have 
not  closed,  and  many  cases  described  in  this  class  more  properly  belong 
to  Class  3  (A). 

{B)   Hyclro-mijelo-meningocele. 

In  certain  cases  in  which  the  neural  tube  has  closed,  either  with 
or  without  a  persistent  adherence  to  the  surface  ectoderm,  as  was 
described  above,  the  central  canal  of  the  cord  becomes  enormously 
distended  by  fluid,  and  within  a  meningeal  sac  of  any  of  these  types 
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a  medullary  sac  may  be  found,  the  wall  of  which  is  formed  of  thinned 
nervous  tissue,  from  which  more  or  less  perfect  nerve  roots  pass.  This 
form  is  not  infrequently  encountered,  and  is  entitled  to  separate  mention 
because  of  the  importance  of  dififerentiating  it  from  the  pure  meningo- 
cele which  it  resembles  clinically.  It  represents  only  an  exaggerated 
form  of  the  concomitant  hydro-  and  syringo-myelia  which  are  so  frequent 
in  the  more  severe  grades  of  rachischisis. 

Class  8. — Gross  epiblastic   defect   with    accompanying  mesoblastic 
defect   (rachischisis  completa). 

{A)  Myelocele  {Rachischisis  Completa  Bestricta). 

Here  two  or  three  segments  of  the  medullary  folds  have  remained 
open  and  the  neural  ectoderm  lies  exposed  on  the  surface  of  the  body 
as  a  ribbon  of  delicate  tissue  down  the  mid-dorsal  line.  On  either  side 
the  meninges  are  attached  to  the  edges  of  the  medullary  ribbon,  and 
form  a  zone  of  parchment  skin  which  passes  in  turn  into  normal  skin. 
In  certain  cases  no  collection  of  fluid  occurs,  but  in  the  majority  the 
meningeal  layers  become  filled  with  fluid  as  in  pure  meningoceles,  and 
the  open  neural  ribbon  is  stretched  over  the  surface  of  a  tense  sac. 
Cases  of  this  type  occur  in  the  cervical  region,  very  rarely  in  the 
thoracic,  but  often  in  the  lumbo-sacral  region.  In  the  cervical  and 
thoracic  regions  they  are  easily  differentiated,  but  in  the  lumbo-sacral 
they  are  apt  to  be  obscured  by  the  growth  of  surface  ectoderm  over  the 
lower  part  of  the  neural  ribbon.  The  lower  coccygeal  segments, 
functionless  in  man,  never  develop  beyond  the  simple  neural  tube  of 
the  embryonic  state.  The  last  coccygeal  segment  normally  remains 
attached  to  the  skin.  The  tendency  of  all  these  segments  is  towards 
atrophy  rather  than  growth,  while  the  growth  of  skin  ectoderm  is  as 
active  as  elsewhere  in  the  body.  If  the  upper  coccygeal  segments  do 
not  close,  the  few  neural  cells  present  in  them  tend  to  become  atrophic 
and  overgrown  by  skin,  and  this  part  of  the  neural  tube  is  prevented 
from  elongating  into  the  filum  terminale.  The  adhesions  to  skm  so 
formed  mechanically  drag  down  the  sacral  segments  and  involve  them 
in  the  defect.  In  the  lumbo-sacral  variety  also,  probably  as  a  result  of 
the  adhesions  to  skin,  fluid  is  especially  apt  to  collect  in  large  quantity, 
and  its  pressure  within  the  meningeal  sac  may  be  so  great  as  to  draw 
the  normal  cord  above  the  open  segments  down  out  of  its  canal  and  into 
the  sac.  Thus  a  normal  cord  may  appear  to  end  in  the  middle  of  the 
sac  wall,  and  the  open  medullary  groove  segments  below  may  be 
covered  by  inflammatory  exudate  or  by  overgrown  integument  so  that 
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the  significance  of  cord  attachment  is  entirely  overlooked.  Careful 
study  will  probably  result  in  placing  many  of  the  cases  which  have 
formerly  been  placed  in  Class  '2  (A) — rachischisis  incompleta — in  this 
class  with  other  complete  defects. 

With  these,  as  in  other  cases  of  cord  involvement,  hydromyelia  and 
syringomyelia  are  often  associated. 

It  is  customary  to  refer  to  the  cases  of  this  type  in  which  the 
meninges  are  filled  with  fluid  as  cystic  myeloceles,  but  while  this  term 
has  some  descriptive  value  it  does  not  denote  any  class  distinction. 

{B)  Myelocele  (Rachischisis  Completa  Partialis  or  Totalis). 

These  cases  do  not  differ  from  those  in  Class  3  (A),  except  in  the 
extent  of  the  defect,  which  involves  a  very  large  number  or  all  of  the 
neural  segments.  Because  of  the  extent  of  the  defect  there  is  never  an 
accumulation  of  fluid  in  the  severer  cases.  The  neural  tube  lies 
flattened  out  in  the  groove  formed  by  the  undeveloped  vertebral  laminae 
upon  the  surface  of  the  exposed  vertebral  bodies.  The  meningeal 
layers  are  developed  beneath  it  and  pass  laterally  into  a  zone  of 
parchment  skin  which  blends  with  the  normal  skin.  In  the  cases  of 
total  defect,  where  there  has  been  no  abnormal  adherence  of  the  cord 
to  the  skin  over  the  coccyx,  the  ribbon  cord  may  migrate  upward  as  in 
the  normally  developed  cord,  and  here  the  lower  sacral  vertebrae  may 
continue  their  development,  without  interference  by  the  neural  defect. 
Total  neural  lesion  may  therefore  occur  without  total  vertebral  defect. 
This  is  important  because  of  its  bearing  on  the  problems  presented  bv 
the  restricted  lesions  of  the  same  class. 

In  both  the  types  just  mentioned  the  medullary  tissue  may  present 
wide  variations  in  the  extent  to  which  the  differentiation  of  its  cells  has 
occurred.  In  some  instances  the  condition  remains  embryonic,  and  no 
trace  of  the  adult  medullary  structures  is  to  be  found  ;  in  others  the 
cord  substance  has  developed  as  though  closure  of  the  folds  had  been 
accomplished,  and  the  nerve  cells  and  roots  can  be  easily  distinguished. 

Statistics  of  the  percentage  occurrence  of  spina  bifida  in  its  various 
manifestations  are  difficult  to  collect.  From  observation  in  the 
anatomical  laboratory  it  appears  that  mere  vertebral  defect  is  of  fairly 
frequent  occurrence.  Various  forms  of  meningocele  come  frequently  to 
the  attention  of  the  surgeon,  but  are  infrequently  reported,  so  that 
no  accurate  idea  of  their  frequency  can  be  formed.  The  cases  with 
marked  medullary  involvement  are  often  born  dead,  or  succumb  shortly 
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to  infection.  As  they  are  not  remediable,  they  attract  but  little  interest 
on  the  part  of  the  obstetrician. 

Surgical  interest  centres  about  the  cases  of  spina  bifida  restricta. 
since  it  is  in  these  cases  that  operative  interference  is  feasible.  Here, 
however,  while  more  case  records  are  available,  their  imperfect  nature 
and  the  varied  use  of  descriptive  nomenclature  makes  accurate  classi- 
fication a  matter  of  extreme  difficulty.  This  is  especially  true  of  those 
of  Class  2,  in  which  there  is  involvement  of  the  cord. 

Before  going  further  it  will  be  advisable  to  discuss  the  few  cases  here 
studied  in  detail,  and  to  point  out  the  difiiculties  of  recognizing  the  types 
from  operation  or  gross  dissections  only. 

Discussion  of  Cases. 

Method  of  preparation  and  study  of  specimen. — The  material  studied 
is  partly  operative  and  partly  pathological  museum  specimens.  The 
conditions  under  which  it  was  obtained  made  certain  features  of  the 
accurate  study  difficult.  In  the  three  operative  cases  (Cases  III,  IV, 
VII)  it  was  the  writer's  good  fortune  to  assist  at  the  operation  and  in  the 
care  of  the  patients,  so  that  the  observations  on  these  were  carried  out 
as  a  continuous  first-hand  study.  In  each  case  drawings  were  made 
from  the  actual  specimens,  enlarged  to  scale,  and  wherever  any  matter  of 
personal  interpretation  of  the  condition  modifies  the  diagrams  it  is  clearly 
indicated  in  the  description.  It  veill  be  obvious  that  certain  features  of 
a  preserved  specimen  can  be  brought  out  only  by  personal  observation. 

In  making  the  microscopic  study  of  the  specimens,  blocks  of  tissue 
of  2  to  3  mm.  thickness  were  cut,  embedded  in  celloidin,  and  stained  by 
the  following  methods:  (1)  toluidin  blue;  (2)  iron  haematoxylin ;  (3) 
haematoxylin-eosin.  In  one  or  two  cases  other  methods  were  tried,  but 
as  they  were  not  fruitful  they  were  abandoned.  All  the  sections  from 
each  block  were  stained  and  examined,  and  the  interpretation  of  certain 
features  in  the  individual  sections  was  frequently  the  result  of  this  study. 
In  certain  cases  where  the  condition  was  obscure  additional  sections 
were  made  above  and  below  the  original  blocks,  but  detailed  description 
of  these  is  not  given.  The  sections  photographed  and  described  are 
those  which  appear  to  throw  most  light  on  the  anatomical  and  clinical 
aspects  of  the  cases.  All  the  photographs  were  made  with  a  |  in. 
objective  and  reduced  to  the  same  scale,  so  that  comparison  of  their  size 
could  be  made.  They  were  re-touched  with  indian  ink  with  constant 
reference  to  the  slide  from  which  they  were  made,  in  order  to  indicate 
mvelination  and  nerve  cells. 
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Case  I. 

Myelocele — spina  bifida  completa  partialis,  of  Class  3  (B).  Specimen 
No.  1109,  Surgical  Patliology  Museum. 

The  specimen  was  received  as  part  of  a  pathological  collection  which  came 
into  the  department  of  Surgical  Pathology  of  the  University  of  Texas,  and  no 
history  could  be  obtained.  The  preservation  was  not  all  that  could  be  desired, 
and  no  care  had  been  taken  to  protect  the  myelocele  from  injury  in  trans- 
portation. The  body  was  in  good  condition,  however,  except  for  the  more 
delicate  neurological  examinations  of  the  brain.  The  body  was  that  of  a  negro 
female  foetus,  length  24  cm.  from  vertex  to  coccyx.  External  appearance  is 
shown  in  fig.  6.  Limbs  and  trunk  were  well  developed  in  form  and  muscula- 
ture. External  genitalia  and  anus  normal.  Head  is  hydrocephalic,  circum- 
ference 41  cm.  (occipito-frontal).  Face  and  oral  cavity  normal.  Spina  bifida 
completa  extends  from  level  of  eighth  thoracic  vertebra  to  that  of  the  upper 
margin  of  sacrum. 

Dissection. — On  opening  the  ventral  hody  wall  a  diaphragmatic  hernia  is 
seen,  the  greater  part  of  the  abdominal  contents  occupying  the  left  thoracic 
cavity.  The  right  side  of  diaphragm  is  normally  developed ;  the  left  side 
presents  a  widely  open  pleuro-peritoneal  hiatus,  through  which  the  whole  of 
the  stomach,  small  intestine,  appendix,  the  first  part  of  colon,  spleen,  and  left 
lobe  of  liver  protrude  into  left  chest.  The  heart  and  pericardium  are  normal 
except  that  they  are  pushed  to  the  right  of  the  mid-line  by  the  herniated 
viscera.  Right  lung  is  normal  in  shape,  atelectatic,  smaller  than  normal  on 
account  of  pressure  :  left  lung  is  very  small,  about  one-fourth  normal  size  and 
flattened.  Thymus  is  displaced  toward  the  right,  but  otherwise  normal. 
Examination  of  the  abdomen  shows  it  to  be  occupied  by  the  right  lobe  of  liver, 
which  is  normal  except  for  a  distortion  in  shape  due  to  the  herniation  of  its 
left  lobe  and  to  the  abnormal  position  of  the  other  viscera,  and  by  the 
descending  colon  and  a  large  convoluted  sigmoid,  which  occupy  their  normal 
positions.     The  adrenals  and  the  genito-urinary  system  are  normal. 

Microscopic  examination  of  the  organs  was  not  made,  as  they  gave  no  sign 
of  structural  abnormality. 

Skeleton. — Maceration  for  slight  anomalies  was  not  done  because  of  the 
desire  to  keep  the  specimen  for  demonstration  purposes.  So  far  as  could  be 
determined  without  maceration,  the  skeletal  system  is  normal  excepting  that 
the  calvaria  is  typically  hydrocephalic,  its  sutures  very  wide,  and  the  bones 
thin  and  soft.  The  base  of  skull  and  the  cervical  and  upper  seven  dorsal 
vertebrae  are  normal.  The  lower  five  dorsal  and  all  the  lumbar  vertebrae 
present  large  flaring  laminae  which  are  curved  with  the  convexity  anterior,  so 
as  to  present  on  the  dorsal  surface  a  wide  shallow  ditch.  The  prominences  of 
these  laminae  are  clearly  distinguishable  beneath  the  thin  parchment  skin  of 
the  region  (fig.  7).  Ossification  centres  are  normal  in  site  and  size,  in  the 
bodies  and  laminae.     The  sacrum  is  normal. 

Nervous  system. — Accurate  examination  of  the  brain  was  impossible  because 
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Fig.  6.— Case  I,  myelocele.     External  appearance  of  specimen  before  dissection. 


Anterior  horn  of  cord  with  anterior  root 


Posterior  liorn  of  cord 
with  posterior  root 


Araflinoi<l 
__.  Dura 

Vertebial  lamina 


Kidney 


ic.m        I 


Fig.  7. — Case  I,  myelocele.     Cross  section  through  region  of  twelfth  thoracic  segments  of 

the  cord. 
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of  the  imperfect  preservation  of  tliis  portion  of  the  central  nervous  system. 
The  lateral  ventricles  are  greatly  distended  with  fluid  and  the  cerebral  cortex 
is  thinned  to  a  layer  varying  from  4  or  5  mm.  to  the  thinness  of  tissue  paper. 
The  choroid  plexuses  of  the  lateral  ventricles  are  large,  but  present  no  other 
apparent    abnormality.    The   cerebellum   is  poorly  preserved  and   appears   to 
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Fig.  8. — Case  I.  Dissection  of  myelocele,  by  reflection  of  lateral  wall  and  opening  the 
spinal  canal  above  and  below  the  lesion.  Levels  of  the  microscopical  sections  indicated  by 
letters  a,  b,  c,  d. 


be  represented  by  a  mass  of  loose  haemorrhagic  and  very  vascular  connective 
tissue,  with  a  small  amount  of  nervous  tissue  at  its  base,  apparently  represent- 
ing the  peduncles.  The  mesencephalon,  pons  and  medulla  are  macroscopically 
normal. 

The  spinal  canal  was  opened  from  the  foramen  magnum  to  the  level  of  the 
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seventh  tlioracic  vertebra,  i.e.,  the  last- normal  vertebra.  The  meninges  in 
this  region  aie  normal.  On  exix)sing  the  cord  it  is  found  to  be  superficially 
normal  from  the  medulla  oblongata  to  the  level  of  the  sixth  thoracic  vertebra  ; 
but  the  portion  lying  on  the  body  of  the  seventh  thoracic  vertebra  is  small, 
soft  and  membranous,  and  terminates  by  passing  under  the  seventh  neural 
arch  to  blend  with  the  myelocele  below. 

The  arrangement  of  the  nerve-roots  from  tliis  whole  region  of  cord  is 
pecuhar.  The  first  two  cervical  pairs  pass  out  almost  horizontally  ;  those  below 
incline  more  and  more  upward  in  the  canal,  as  is  shown  diagrammatically  in 
fig.  5.  C,  so  that  the  roots  which  pass  through  the  first  thoracic  foramina  come 
from  the  cord  which  lies  in  I'elation  to  the  fifth  thoracic  vertebra.  All  the 
roots  to  this  level  are  large  and  apparently  normal  except  for  their  upward 
direction.  At  the  level  of  the  sixth  thoracic  vertebra  the  roots  are  very  delicate, 
and  it  is  not  possible  to  trace  them  all,  but  attenuated  fibres  from  this  region 
appear  to  enter  the  second,  third,  fourth,  and  fifth  foramina  (fig.  5,  C).  From 
the  membranous  portion  of  cord  lying  on  the  seventh  thoracic  vertebra  delicate 
strands  pass  to  the  sixth  foramina,  and  possibly  also  to  the  seventh,  though 
these  may  arise  from  the  open  cord  below. 

It  is  necessary  here  again  to  direct  attention  to  figs.  5,  A  and  B,  illus- 
trating the  normal  upward  migration  of  tlie  cord  in  the  spinal  canal.  In  this 
specimen  the  seventh  thoracic  segment  of  the  cord  was  prevented  from  moving 
upward  by  adherence  to  the  myelocele  below.  This  portion  of  cord,  therefore, 
represents  the  segment  of  neural  tube  infolded  in  this  body  segment  of  the 
embryo,  and  its  roots  pass  out  horizontally  as  they  were  originally  laid  down. 
They  are  attenuated  because  the  normal  development  was  hindered  by  the 
adhesions  and  by  traction,  as  the  length  of  the  spinal  canal  above  them 
increased.  Similarly  the  upper  cervical  segments  maintained  their  normal 
relationships  by  virtue  of  their  attachment  to  the  brain  stem,  and  their  roots 
pass  out  horizontally  as  is  usual.  If  all  the  medullary  tube  had  developed 
equally  between  these  two  fixed  points,  the  preponderant  growth  of  the 
vertebral  canal  should  have  resulted  in  an  equal  stretching  of  the  whole  length 
of  the  cox"d,  the  nerve-roots  continuing  to  pass  out  liorizontally.  We  find, 
however,  that  the  lower  portion  of  cord  is  membranous,  and  its  small  nerve- 
roots  show  that  it  has  fallen  far  short  of  attaining  its  normal  growth  ;  more- 
over, being  largely  composed  of  connective  tissue  (membrane),  it  has  apparently 
been  much  less  easily  stretched  than  the  liigher  portions,  and  has  remained 
almost  stationary  while  the  better  developed  higher  segments  have  been 
pulled  down  to  its  level.  A  greater  descent  of  the  lower  cervical  segments 
would  be  expected,  but  the  inequality  of  growth  of  the  cervical  vertebrae  and 
cervical  cord  in  this  specimen  is  less  than  the  inequality  in  the  thoracic  region. 

As  will  be  seen  later  in  the  description  of  the  myelocele,  the  nerve-roots 
below  the  level  of  the  eighth  segment  of  the  cord  are  also  affected  by  the  fixed 
relations  of  this  cord  segment  to  its  vertebral  segment,  but  as  the  caudal 
extremity  of  the  cord  is  not  fixed,  the  cord  migration  is  all  upward,  and  the 
nerve-roots  are  carried  downward  to  their  foramina,  though  not  to  such  a  great 
extent  as  in  a  normal  canal.     (See  fig.  5,  C.) 
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Myelocele. — In  reading  the  description  of  the  myelocele,  it  is  necessary 
that  constant  reference  be  made  to  the  accompanying  diagrams.  These  were 
made  from  the  actual  specimen  and  dissections  :  fig.  6  was  drawn  life-size  and 
reduced,  fig.  7  and  tig.  8  enlarged  to  scale  and  reduced. 

Dissection  of  the  myelocele. — The  arch  of  the  seventh  thoracic  vertebra  and 
the  tissues  and  skin  covering  it  are,  as  already  mentioned,  normal  in  character. 
At  the  lower  border  of  this  arch,  however,  as  shown  in  fig.  6,  the  skin  dips 
down  over  it  and  becomes  merged  in  the  parchment  skin  of  the  myelocele. 
From  the  level  of  the  eighth  thoracic  to  the  upper  margin  of  the  first  sacral 
vertebra  lies  a  translucent  membrane  of  parchment  skin,  which  merges  below 
and  laterally  at  a  distance  of  10  mm.  from  the  mid-line,  into  normal  skin. 
Down  the  middle  of  this  (fig.  6,  Med.  groove)  lies  a  ribbon  of  soft  friable 
tissue,  which  passes  above  into  the  neural  canal  of  the  seventh  thoracic 
vertebra  where  it  is  continued  into  the  spinal  cord.  Below,  at  the  level  of  the 
fourth  lumbar  vertebra,  it  sinks  under  the  glistening  parchment,  and  passes 
beneath  to  enter  the  spinal  canal  in  the  sacrum.  This  velvety  ribbon 
represents  the  open  medullary  tube,  and  its  structure  will  be  examined  more 
carefully  later. 

On  cutting  through  the  parchment  near  its  junction  with  skin  laterally,  it 
is  found  to  be  composed  of  an  inseparable  fusion  of  the  three  meningeal  layers 
of  the  myelocele  with  the  integument.  The  epithelium  of  the  integument  is 
here  very  thin,  but  presents  its  normal  stratification.  Passing  toward  the 
mid-line  a  point  is  reached  where  the  parchment  can  be  separated  into  its 
component  layers,  and  at  this  point  all  trace  of  epithelial  covering  is  lost. 
The  relations  of  the  meningeal  layers  can  best  be  seen  in  a  cross-section 
through  the  middle  of  the  myelocele  shown  in  fig.  7.  The  most  superficial  of 
these  layers,  viz.,  the  pia,  is  found  to  be  attached  to  the  medullary  ribbon. 
Anterior  to  this  is  a  definite  arachnoid,  and  still  deeper  a  thick  dura.  These 
are  in  close  contact  and  are  joined  by  delicate  adhesions,  which  become  closer 
as  the  lateral  edge  of  the  parchment  is  reached.  The  line  of  fusion  of  the 
three  meningeal  layers  with  skin  corresponds  closely  with  the  outermost  edges 
of  the  exposed  vertebral  laminae.  When  an  incision  is  made  medial  to  this 
line  of  fusion  and  the  pia  is  reflected,  the  medullary  ribbon  is  lifted  with  it, 
revealing  the  condition  shown  in  fig.  8.  Posterior  nerve-roots  are  seen  to 
emerge  from  the  lateral  edge  of  the  ribbon,  and  anterior  roots  more  medially. 
Between  the  radicles  the  denticulations  of  the  ligamentum  denticulatum  pass 
from  the  pia  to  the  dura;  but  a  few  of  these,  as  shown  in  fig.  7  {lig.  dent.), 
pass  medially  to  the  anterior  roots.  The  nerve  roots  pass  through  the  sub- 
arachnoid space  and  into  the  intervertebral  foramina,  each  carrying  with  it  a 
sheath  of  dura  and  arachnoid  in  the  normal  manner.  Those  from  the  eighth 
and  ninth  segments  are  very  delicate,  and  on  these  rudimentary  posterior  root 
ganglia  are  found,  but  in  the  lower  segments  the  roots  and  ganglia  are  more 
nearly  normal  in  size.  The  position  of  the  ganglia  is  normal  with  reference  to 
the  interverteln'al  foramina.  The  roots  from  the  upper  four  involved  segments 
(thoracic  7,  8,  9  and  10)  pass  out  directly  to  their  foramina,  without  descent 


52  ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

in  the  canal,  in  the  manner  shown  in  fig.  S,  and  diagrammatically  in  tig.  5,  C. 
The  roots  from  lower  segments  incline  downwards  before  emerging,  and  linally 
those  from  the  lowest  segments  pass  under  the  closed  meningeal  slieath  of 
the  lower  part  of  the  myelocele  already  seen  in  fig.  6,  at  the  level  of  the 
fourth  lumbar  vertebra.  On  dissection  (fig.  8),  this  meningeal  sheath  is  found 
to  be  composed  of  the  three  fused  meningeal  layers,  which  are  adherent  for  a 
distance  of  about  one  millimetre  to  each  other  and  to  the  cord.  Almost 
immediately  they  become  separated  into  their  component  parts  and  lose  their 
adherence  to  the  cord,  which  is  closed  from  this  point  down.  The  cord  as  it 
passes  under  the  meningeal  covering  is  flattened,  but  otherwise  normal  in 
appearance,  and  the  nerves  surrounding  it  form  a  typical  cauda  equina.  As 
will  be  expected  from  a  study  of  the  diagram  in  fig.  5,  C,  the  conus  is  lower  in 
the  canal  than  normal,  and  the  cord  terminates  at  the  level  of  the  third 
sacral  vertebra.  Except  for  this  the  cord  and  membranes,  which  at  the  level 
of  first  sacral  vertebra  become  covered  by  skin,  are  quite  natural  after  they 
enter  the  sacral  canal. 

Microscopical  examination. — Sections  were  made  of  ceiebellum,  pons  and 
medulla,  and  at  various  levels  of  the  cord.  The  fixation  of  the  brain  was  not 
suflSciently  good  to  warrant  detailed  study.  The  cerebellum  has  a  fairly  well- 
formed  corpus  dentatum,  and  the  folia,  which  are  few  in  number,  present  a 
definite  cortical  layer.  The  pons  contains  transverse  fibres  and  lemniscus,  both 
myelinated.  Cells  of  tlie  nuclei  pontis  are  not  differentiated.  In  the  oblongata 
the  inferior  olivary  nucleus  is  well  developed,  and  the  medial  lemniscus,  the 
emerging  fibres  of  the  sixth  and  seventh  nerves,  and  entering  fibres  of  the 
vestibular  nerve  are  myelinated  and  occupy  their  normal  positions.  In  all  the 
sections  there  is  a  looseness  of  the  tissue  and  a  paucity  of  fibres  and  cells  even 
where  the  general  structure  is  most  nearly  normal ;  many  small  areas  occur  in 
which  the  neuroglial  meshes  are  filled  with  fluid,  and  in  other  parts  there  is 
an  appearance  of  oedema  of  the  cells.  There  are  many  cells  which  do  not 
appear  to  be  differentiated  into  supporting  and  nerve  elements  ;  some  perhaps 
represent  neuroblasts. 

In  studying  the  sections  of  the  cord  it  will  be  necessary  to  refer  to  the 
undissected  specimen  (fig.  6),  and  to  fig.  8  in  which  tlie  levels  of  the  sections 
are  indicated,  and  to  recall  that  a  "  segment  "  of  the  cord  is  numerically 
determined  by  the  relationships  of  its  nerve  roots,  and  not  by  its  position  in 
the  spinal  canal.  In  this  case,  as  had  already  been  seen,  the  nerve  roots 
behave  in  a  most  irregular  manner,  and  it  is  only  by  tx'acing  the  connections 
of  the  section  of  cord  studied  that  its  segmental  position  can  be  determined. 

Section  A  (fig.  9,  A). — Level  of  fifth  thoracic  vertebral  segment  (first  thoracic 
segment  of  cord),  above  lesion.  Sections  show  a  normal  central  canal  lined 
by  an  ependymal  layer.  Cells  of  the  anterior  liorn  of  grey  matter  are  well 
formed  and  their  distribution  corresponds  with  that  of  normal  cord  of  first 
thoracic  segment. 

Cells  of  the  posterior  horn,  difficult  to  distinguish  even  in  normal  cords, 
cannot  be  definitely  differentiated.     It  is  probable  that  a  small  group  of  them 
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Fig.  9.—  Case  I",  myelocele.     Photomicrographs  of  sections  at  the  levels  indicated  in  fig.  8. 
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can  be  made  out  in  the  region  indicatetl  in  the  photograiih.  The  posterior 
portions  of  the  cord  on  each  side  are  partially  replaced  by  spaces  which  occupy 
roughly  the  position  of  the  posterior  columns,  the  ascending  fibres  of  which 
have  been  interrupted  in  their  course  by  the  imperfect  development  of  the 
cord  below.  Tliese  and  similar  spaces  in  other  sections  to  be  described  are 
not  artefacts,  as  is  evident  from  the  good  preservation  of  the  surrounding  struc- 
tures. The  ventral  cerebro-spinal  tract  is  normal  in  size  and  position,  and 
non-myelinated.  Tliis  tract  normally  becomes  myelinated  late  in  intra-uterine 
life.  No  other  long  tracts  can  be  distinguished.  The  antero-lateral  fasciculi 
proprii  of  each  side  are  myelinated  ;  and  there  are  some  other  scattered  mye 
linated  fibres  which  may  be  also  regarded  as  association  fibres.  The  surrounding 
area  is  composed  of  neuroglia  and  of  non-myelinated  nerve  fibres.  The  anterior 
and  posterior  nerve  roots  are  myelinated  and  occupy  their  normal  position. 

Section  B  (fig.  9,  B). — Upper  limit  of  myelocele,  level  of  eighth  thoracic 
vertebra,  eighth  thoracic  segment  of  cord.  At  this  situation,  as  shown  in 
the  photograph,  the  cord  is  represented  liy  a  layer  of  poorly  differentiated 
tissue,  two  or  three  cells  in  thickness  {med.  groove),  tlie  open  medullary  folds. 
(Compare  fig.  1,  A).  Tliese  cells  are  prolonged  for  a  short  distance  lateral  to 
the  mid-line,  but  no  continuous  cell  layer  can  be  followed  between  them  and 
the  epithelial  surface  of  the  adjoining  skin  ;  apparently  it  lias  been  destroyed 
in  handling  the  specimen.  On  either  side  of  this  o])en  medullary  groove  is  a 
small  mass  of  irregular  tissue  {(jlia)  composed  of  nerve  fibres  and  neuroglia. 
The  tissues  beneath  are  poorly  formed  pia  and  arachnoid,  and  small  vessels 
from  these  layers  penetrate  the  glial  masses ;  laterally  they  fuse  and  pass  into 
the  corium.  No  differentiated  nerve  cells  can  be  found  in  any  portion  of 
this  section.  The  growth  of  ascending  tracts  has  apparently  been  blocked 
below  this  region  by  the  adherence  of  the  membrane  in  the  myelocele,  but 
the  lateral  ghal  masses  undoubtedly  contain  a  few  fibres  ascending  from  the 
cord  below.  These  are  in  turn  blocked  at  the  upper  limit  of  the  myelocele 
with  resulting  absence  of  the  posterior  columns  noted  in  Section  A.  Similarly 
the  descending  tracts  are  blocked  at  the  upper  limit  of  the  defect  and  only 
those  which  are  formed  in  the  cord  below  this  level  are  to  be  found  in  lower 

sections. 

Section  C  (fig.  9,  C). — Middle  of  myelocele,  level  of  twelfth  thoracic  vertebra 
(first  lumbar  segment).  At  this  level  the  ribbon  of  medullary  tissue  shows  a 
remarkable  degree  of  differentiation  into  its  usual  foetal  characters.  Large 
anterior  horn  cells  lie  near  the  median  line,  and  a  small  group  of  posterior 
horn  cells  lateral  to  them.  Small  anterior  and  posterior  nerve  roots  emerge 
and  enter  in  relation  to  these  cell  groups.  They  are  non-myelinated.  The 
substantia  gelatinosa  is  well  developed.  The  remainder  of  the  ribbon  is 
composed  of  an  indiscriminate  mass  of  neurogUa  and  nerve  fibres,  none  of 
which  are  myelinated.  The  nerve  fibres  noted  in  Section  B  evidently  ascend 
from  the  cells  in  this  region.  The  ependymal  layer  is  destroyed,  but  a  depres- 
sion corresponding  with  the  central  canal  is  found  at  the  median  line.  The 
posterior  surface  is  composed  of  glial  tissue  and  unmyelinated' fibres  traversed 
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by  delicate  fibrils  of  connective  tissue  coming  from  tbe  pia  and  containing 
capillary  vessels.  Tbis  glial  layer  extends  laterally  for  a  considerable  distance, 
and  is  probably  augmented  by  fibres  from  tbe  tracts  ascending  from  below. 
Anterior  to  the  medullary  ribbon  the  pia  lies  in  contact  with  the  nervous  layer  ; 
it  is  thicker  than  is  normal  and  contains  many  vessels  and  some  leucocytes. 
In  it  lie  bundles  of  nerve  fibres,  some  of  which  appear  never  to  join  tlie  cord 
but  to  be  lost  in  tlie  meningeal  tissue.  Sections  from  the  lower  part  of  the 
ribbon  cord  show  tlie  same  structure,  but  the  nervous  tissue  is  broken  up  by 
many  niinute  blood-vessels,  and  a  delicate  vascular  plexus  extends  over  the 
whole  dorsal  surface  from  one  lateral  pial  margin  to  the  other. 

Where  the  ribbon  cord  closes  and  passes  under  the  meningeal  layers,  serial 
sections  were  made  in  an  eti'ort  to  find  the  transition  stages.  The  nervous 
tissue  in  the  upper  of  these  sections  is  so  obscured  by  penetrating  capillaries 
that  little  information  can  be  gained  from  them.  In  the  upper  sections  the 
anterior  medial  septum  sends  two  lateral  trabeculae,  which  pass  laterally  ;  at 
the  end  of  each  there  is  found  a  slightly  elongated  ependyma-lined  cavity.  It 
has  not  been  possible  to  trace  the  ependymal  cells  to  the  surface  of  the  cord 
in  any  of  the  sections.  At  a  slightly  lower  level  the  fibrous  septa  disappear, 
but  the  central  canal  remains  double. 

Section  D-1  (fig.  9 — D-1). — The  level  of  this  section  indicated  on  fig.  8 
is  that  of  the  fifth  lumbar  vertebra,  and  the  position  of  the  nerve  roots  show 
that  it  represents  the  second  sacral  segment  of  tlie  cord.  The  cord  is  flattened 
antero-posteriorly  ;  the  central  canal  is  double.  Anterior  horn  cells  are  well 
developed  ;  posterior  horn  cells  cannot  be  distinguished.  A  small  posterior 
column  is  present  and  is  myelinated.  The  anterior  and  posterior  nerve  I'oots 
are  myelinated.  The  cord  contains  little  else  that  is  recognizable  ;  it  is 
cedematous  and  broken  up  by  fine  vessels.  The  nerve  roots  of  the  Cauda 
equina  are  disposed  round  it  ;  those  from  the  ribbon  cord  above  are  non- 
myelinated. 

Section  D-2. — Level  of  the  third  sacral  segment,  one  millimetre  below 
Section  D-1.  The  central  canal  is  still  double  at  this  level.  Little  change 
has  occurred  except  that  between  this  section  and  the  preceding  an  adventi- 
tious septum  of  fibrous  tissue  has  extended  inward  from  the  posterior  pial 
sheath,  and  has  here  met  and  fused  with  the  anterior  median  septum,  com- 
pletely bisecting  the  cord.  Otlierwise  the  structure  is  as  before.  In  sections 
slightly  below  this  level  tlie  fibrous  septum  once  more  disappears  and  the 
central  canal  is  gradually  lost  on  one  side,  so  tliat  the  lower  segments  (fourth 
and  fifth  sacral)  of  the  cord  contain  but  one  central  canal  which  is  placed 
slightly  laterally. 

Various  explanations  of  this  liave  suggested  themselves  to  me.  The 
simplest,  and  therefore  perhaps  the  most  probable,  is  that  t!ie  mesoblast- 
forming  pia  which  is  seen  in  the  upper  jiortion  of  the  myelocele  slightly 
elevated  in  tlie  mid-line  under  the  ojien  medullary  groove,  has  here  likewise 
been  abnormally  elevated  to  a  sufficient  extent  to  cause  bifurcation  of  tbe 
closing  medullary  tube.     The  mesoblast  does  not,  however,  come  into  relation 


66  ORIGINAL   ARTICLES   AND   CLINICAL   CASES 

witli  the  mctlullary  plates  in  the  normal  enihryo  until  these  are  already 
closed,  but  wliere  one  structure  depai'ts  from  the  normal  associated  structures 
follow  suit.  Moreover,  if  the  closure  of  the  folds  Avere  markedly  delayed  in 
its  relation  to  other  processes,  it  is  feasible  that  mesohlast  would  follow  the 
time  sequence  of  other  mesohlastic  development,  and  not  that  of  ectoderm, 
i.e.,  medullary  folds.  A  double  central  canal  is  not  a  very  infrequent 
anomaly  in  cords  with  defects  other  tlian  spina  bifida. 

General  Discussion  of  Case  I. 

Attention  is  especially  directed  to  four  features  in  this  case,  viz.  : — 

(1)  The  influence  of  the  inequality  of  grovi^th  of  cord  and  vertebras 
and  the  adherence  of  cord,  producing  abnormal  direction  of  nerve 
roots  and  abnormal  position  of   cord  segments  in  the  canal. 

(2)  The  formation  of  spinal  ganglia  and  nerve  roots  in  segments  in 
which  closure  of  the  tube  has  not  occurred. 

(3)  The  absence  of  histological  differentiation  in  certain  of  the 
involved  segments,  and  the  normal  histogenesis  in  other  segments 
which  are  morphologically  defective. 

(4)  The  imperfect  development  of  segments  above  the  lesion  due 
to  mechanical  hindrance. 

Case  II. 

Myelo-encephalocele — rachiscliisis  completa  totalis  of  Class  3  (B). 

Specimen  No.  1133,  University  of  Texas  Patliological  Museum. 

No  complete  account  of  tlie  state  of  this  specimen  will  be  given  in  the 
present  communication,  but  certain  points  in  the  spinal  part  of  the  defect  are 
of  value  in  the  interpretation  of  the  other  cases  under  consideration.  To  these 
the  description  will  be  limited. 

Dencription. — This  specimen  belongs  to  the  general  class  of  anencephalic 
monsters,  of  the  type  in  which  tliere  is  posterior  cleft  of  the  calvaria  and 
spinal  column.  The  moutia  and  nose  are  normal,  the  eyes  bulge  in  tlie  manner 
characteristic  of  tliis  type  of  monstrosity  ;  the  forehead  is  low.  The  ears  are 
normal  in  shape,  but  are  situated  close  to  the  shoulders,  and  the  chin  is  drawn 
down  upon  the  sternum.  This  position  is  frequent  in  anencephalic  monsters 
and  indicates  the  absence  or  imperfect  development  of  the  cervical  region, 
which  is  a  usual  accompaniment  of  the  cranial  and  spinal  defect.  The  general 
appearance  of  the  body  is  otherwise  normal,  and  the  age  about  seven  (intra- 
uterine) months. 

The  specimen  shows  posterior  cranioschisis  with  protrusion  of  an  imper- 
fectly formed  brain  enclosed  in  a  pia-arachnoid  sheath  ;  the  dura  covers  the 
base  of  the  skull  and  extends  over  the  edge  of  the  defect  to  blend  with  the 
skin  of  the  antex'ior  part  of  tlie  liead.  The  mass  of  brain  tissue  extends 
caudalwards  and  overlaps  the  upper  pai't  of  the  bifid  spinal  canal.  Examina- 
tion of  the  upper  part  of  the  spinal  column  shows  tliatall  the  cervical  vertebrae 
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are  lacking,  and  the  upper  two  thoracic  vertebrae  are  either  lacking  or  abortive, 
as  are  the  cord  segments  corresponding  to  these.  No  attempt  has  been  made 
at  the  present  time  to  study  tlie  other  defects  of  the  cervical  body  segments. 
All  the  ten  thoracic  vertebrae  which  are  present  are  cleft ;  the  spinous  pro- 
cesses and  the  laminae  are  normal  in  size,  but  flare  outwards  as  do  those  in 
the  affected  area  in  Case  I.  Examination  of  the  thoracic  region  shows  that 
ten  ribs  are  present,  articulating  normally  with  the  thoracic  vertebrae ;  and  a 
cursory  examination  of  the  contents  of  the  body  cavities  reveals  nothing 
abnormal.  The  upper  four  lumbar  vertebrae  are  flaring  ;  the  fifth  has  an 
incomplete  arch,  wliich  is  bridged  by  a  fibrous  band.  The  sacral  vertebrae  are 
defective  in  the  spines  only.  The  open  vertebral  groove  is  covered  by  menin- 
geal layers  from  the  base  of  the  skull  to  the  level  of  the  fourth  lumbar  vertebra. 
At  this  level  the  meninges  form  a  closed  tube  and  pass  into  a  zone  of  imper- 
fect parcliment  skin,  which  blends  at  the  level  of  the  fibrous  arch  of  tlie  fifth 
lumbar  vertebra  with  skin  which  is  in  all  respects  normal. 

A  ribbon  cord  similar  to  that  described  in  Case  I  extends  from  the  brain 
above  to  the  level  of  the  first  lumbar  vertebra  below.  Here  it  passes  into 
a  normal  filum  terminale  whicli  is  prolonged  under  the  meningeal  layers  into 
the  sacral  canal.  The  cord  in  a  foetus  of  this  age  (seven  months)  should 
end  at  the  level  of  the  third  lumbar  vertebra.  The  slightly  higher  level 
assumed  by  this  cord  is  apparently  due  to  defective  growth  of  its  segments ;  it 
is  greatly  exaggerated  in  appearance  in  the  undissected  specimen  because  of 
the  disproportion  of  the  spinal  column  owing  to  absence  of  cervical  segments. 
It  is  important  to  note  that  the  entire  cord  is  cleft ;  the  coccygeal  nerve  arises, 
as  do  the  nerves  proximal  to  it,  from  a  ribbon  of  medullary  tissue.  The  lower 
nerve  roots  are  grouped  about  the  ribbon  cord  from  which  they  arise,  and  pass 
under  the  meninges  at  the  level  of  the  fourth  lumbar  vertebra.  Here  the 
meningeal  layers  form  a  closed  tube  which  passes  under  parchment  skin  as 
described  above. 

Discussion. — The  features  of  this  case  which  have  a  bearing  on 
anatomical  characteristics  of  spina  bifida  restricta  are  the  only  ones  to 
which  attention  is  now  called. 

(1)  The  ''upward  migration"  of  a  cord  all  the  segments  of  which 
have  failed  to  close. 

This  appears  to  be  due  to  the  absence  of  any  abnormal  adhesions 
between  neural  tube  and  surface  ectoderm  in  this  particular  case.  The 
formation  of  the  filum  terminale  indicates  that  the  adherence  of  the 
last  coccygeal  segment  (rudimentary)  has  been  normal. 

(2)  The  formation  of  the  lower  vertebral  segments,  which  has  been 
carried  on  to  a  considerable  extent  after  the  upward  migration  of  the 
corresponding  open  cord  segments.  The  vertebral  laminae  should  be 
fused  in  the  eleventh  week,  while  the  migration  of  the  cord  does  not 
commence  until  after  the  twelfth   week.     In   the   lumbar   and   sacral 
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regions,  however,  the  completion  of  the  vertebral  arches  is  later  than 
in  the  thoracic.  In  this  case  development  progressed  as  soon  as  the 
ribbon  cord  slipped  out  of  the  way.  This  shows  to  some  extent  in 
Case  I.  but  less  strikingly  because  the  complete  cord  defect  in  Case  I 
does  not  extend  below  the  second  sacral  segment,  the  segments  below 
this  being  closed.  In  Case  II,  the  entire  neural  tube  is  open,  including 
the  first  coccygeal  segment,  i.e.,  the  last  segment  which  attains  adult 
development  in  man.  The  fifth  lumbar  vertebra  has,  however, 
developed  a  fairly  normal  arch  and  the  sacral  vertebrae  are  deficient  in 
spinous  processes  only. 

The  meninges  attached  to  the  lower  segments  of  the  open  cord 
have  been  carried  upward  by  the  ascending  cord,  and  the  surface 
ectoderm  has  developed  into  normal  skin  over  those  vertebrae  which 
possess  reasonably  normal  arches,  i.e.,  as  high  as  the  fifth  lumbar. 

These  points  will  be  found  to  throw  light  on  certain  obscure  features 
of  cases  with  defects  restricted  to  the  lumbo-sacral  region. 

Case  III. 

Cystic  myelocele — rachischisis  completa  restricta  of  Class  3  (A). 

History. — M.  E.,  female,  aged  three  months,  John  Sealy  Hospital. 

Family  history  negative  as  regards  physical  defects.  This,  the  first  child 
of  this  family,  has  been  weakly  since  birth,  and  has  had  constant  digestive 
disturbances.  She  appears  to  be  normally  developed  except  for  a  lumbar 
"  meningocele."  Five  days  before  admission  to  Sealy  Hospital  she  had  a 
febrile  attack,  which  terminated  three  days  later,  when  the  upper  part  of  the 
meningocele  ruptured.  Pre-operative  condition  :  Examination  showed  that 
there  was  a  meningocele  occupying  the  lower  lumbar  and  upper  sacral  region, 
covered  by  typical  parchment  skin  partially  collapsed  and  ulcerated,  of  a 
diameter  of  about  one  and  a  half  inclies.  A  minute  opening  was  present  at  its 
upper  part,  not  in  the  mid-line,  and  from  this  cerebrospinal  fluid  flowed  freely. 
There  was  no  visible  sign  of  nervous  elements  on  the  parchment  surface, 
and  the  opening  did  not  appear  to  be  a  central  canal.  Tliere  was,  however, 
evidence  that  the  condition  was  not  confined  to  the  membranes,  as  the  legs 
were  partially  paralysed  and  there  was  incontinence  of  urine  and  faeces.  In  a 
position  of  rest  the  legs  were  kept  extended  at  hip  and  knee,  and  no  movements 
of  the  feet  were  observed.  The  tliighs  were  flexed  feebly  when  the  baby  was 
disturbed.  At  the  time  of  admission  there  was  diarrhoea,  but  careful  dressing 
and  attention  to  cleanliness  caused  great  improvement  in  the  condition  of  the 
rectum  and  in  the  ulcerated  surface  of  the  meningocele.  Any  handling  of  the 
child,  and  especially  touching  the  sac,  produced  evacuation  of  the  bowels  and 
bladder.  Complete  collapse  of  the  sac  occurred  from  time  to  time,  and  at 
these  times  the  child  was  restless  and  distressed.     The  flow  of  cerebrospinal 
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tiuid  remained  constant.  Operation  liy  Dr.  J.  E.  Tlionipson,  July  8,  1919, 
under  ether  anaesthesia.  From  the  start  the  baby  took  the  anaesthetic  badly 
and  artificial  respiration  had  to  be  resorted  to  before  the  commencement  of  the 
operation.  After  this  preliminary  trouble,  however,  the  respiration,  though 
weak,  was  regular,  and  the  heart  fairly  strong.  A  transverse  incision  was  made 
and  the  sac  opened.  The  tilum  terminale  and  a  pair  of  nerve  filaments  were 
found  to  be  spread  over  the  lower  extremity  of  its  inner  wall  and  these  were 
removed  with  this  portion  of  sac  wall.  Attached  to  the  middle  of  the  sac  was 
the  termination   of  tlie  cord  with   its  nerve  trunks  running  down   across  the 
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Fig.  10. — Case  III,  lumbo-sacral  cystic  myelocele.  Longitudinal  section  through  verte- 
bral spines ;  exposure  of  pedicles  of  vertebrse  on  right  side  ;  right  nerve  roots  above  lesion 
shown  ;  right  nerve  roots  below  lesion  cut  short  ;  left  sac  wall  and  left  roots  within  sac 
shown  coursing  across  cavity.  Drawing  made  from  a  composite  of  operative  and  post- 
mortem observations.     Levels  of  microscopical  sections  indicated  by  letters  a,  b,  c,  d. 


cyst  into  the  foramina.  This  terminal  portion  of  cord  was  cut  across  and  the 
central  canal  found  to  be  rather  large,  horseshoe-shaped  and  attached  to  but 
closed  by  the  parchment  skin  of  the  sac.  This  was  about  the  level  of  the  first 
sacral  vertebra.  Above  and  below  this  point  the  parchment  skin  merged  with 
a  wall  of  well-formed  dura,  which  was  dissected  free  on  each  side  and  the 
edges  sutured  over  the  cord  with  chromic  gut  stitches.  The  remaining  parcli- 
ment  was  dissected  till  normal  skin  was  reached  and  this  was  sutured.  The 
baby  left  the  table  in  a  serious  condition  of  shock  and  within  the  next  hour 
developed  feeble  convulsive  movements  of  the  whole  body,  including  the  legs 


60 


ORIGINAL    ARTICLES    AND    CLINICAL    CASES 


and  feet.  Death  occurred  within  three  and  a  lialf  hours  after  the  completion 
of  the  operation.  Only  a  partial  autopsy  could  he  ohtained  and  had  to  he 
limited  to  the  affected  area,  so  that  observations  on  the  condition  of  the 
internal  organs  and  upper  part  of  the  central  nervous  system  are  unfortunately 
lacking.  The  lower  four  lumbar  vertelnie,  sacrum  and  coccyx,  were  removed 
in  their  entirety  with  the  surrounding  tissues. 
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Fig.  11. -Case  III,  lumbosacral  cystic  myelocele.     Dissection  of  specimen  as  removed 
post  mortem.      Bodies  of  vertebra  split  in  anterior  medianline,   exposing  cord  from  its 
anterior  aspect, 
pedicles. 


On  the  left  side  the  vertebrae  have  been  further  dissected  to  show  the 


Desci-iptio7i  of  myelocele. — For  the  sake  of  clearness  the  description  here 
given,  like  the  accompanying  diagram  of  the  longitudinal  section  (fig.  10),  will 
be  a  composite  of  operative  and  post-mortem  observations.  The  sources  of 
the  information  on  each  detail  will  be  readily  seen,  but  any  attempt  to 
separate  the  two  sets  of  findings  complicates  the  discussion  unnecessarily. 
The  laminae  and  spine  of  the  second  lumbar  vertebra  are  normally  developed. 
The  pedicles  and  transverse  processes  of  the  vertebral  arches  of  the  third  and 
fourth  lumbar  are  normal,  but  the  laminae  and  spinous  processes  fiare  out- 
ward, the  vertebral  foramen  being  closed  dorsally  by  a  dense  filn-ous  band 
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extending  between  the  bases  of  the  arches.  The  fifth  lumbar  has  no  such 
l)ancl,  but  presents  a  widely  open  foramen.  The  laminas  and  spines  of  all 
tlie  sacral  vertebric  are  flaring  and  no  fibrous  band  is  developed. 

Overlapping  the  third  and  fourth  lumbar  vertebrae,  but  not  connected  with 
them,  is  a  thick  meningeal  sac  which  extends  downward  as  far  as  the  lower 
end  of  sacrum.  This  sac  is  covered  by  "  parchment  "  of  unusual  thickness, 
which  at  the  periphery  is  found  to  be  composed  of  thin  integument  blending 
with  a  very  dense  dura,  two  or  three  times  as  thick  as  normal,  which  is  in 
contact  with  a  thin  arachnoid.  The  subarachnoid  space  is  filled  with  fluid. 
At  the  lower  border  of  the  fibrous  neural  arch  of  the  fourth  lumbar  vertebra 
the  meningeal  layers  of  the  sac  are  continuous  with  the  sheath  of  the  cord 
above,  and  the  integument  passes  into  the  normal  skin  of  the  back.  From 
beneath  this  fourth  arch  the  cord  emerges  and  passes  dorsalward  through  the 
sac,  surrounded  by  small  nerve  roots  which  are  held  in  close  contact  with  it 
by  the  pia.  At  a  point  a  little  below  the  middle  of  the  sac  tlie  end  of  the  cord 
becomes  attached  to  the  inner  surface  of  its  dorsal  wall,  and  lower  down  is 
inseparably  blended  with  it.  Near  the  mid-line  of  the  sac  the  dura  fuses  with 
the  skin,  and  cannot  be  lifted  from  it  though  it  retains  its  characteristic 
shining  inner  surface.  The  pia  cannot  be  followed  by  the  naked  eye  below 
the  point  of  attachment  of  the  cord,  but  at  its  lower  end  it  is  considerably 
thickened,  and  just  below  this  it  fuses  with  the  other  meningeal  layers.  From 
this  point  down  to  the  lower  limit  of  the  posterior  wall  (roof)  of  sac,  these 
fused  meningeal  layers  form  a  definite  band  of  dense  white  fibrous  tissue  which 
projects  into  its  cavity.  This  band  is  augmented  by  the  nerve-roots  which  are 
carried  down  along  the  cord,  and  also,  as  will  appear  later,  by  some  poorly 
developed  cord  tissue.  It  is  possible  that  in  the  tense  condition  of  the  unrup- 
tured sac  this  thickened  band  would  have  been  apparent  from  the  external 
aspect,  and  might  have  served  as  a  clue  to  cord  attachment.  Below  and 
laterally  to  the  point  of  attachment  of  the  cord  numerous  nerve-roots  are  seen 
passing  from  the  inner  surface  of  the  roof  of  the  sac  traversing  the  cavity 
toward  the  intervertebral  foi'amina.  The  upper  and  larger  of  these  nerve-roots 
pass  freely  across  the  cavity,  but  the  lower  smaller  roots  run  caudalward  along 
the  roof  and  then  pass  upwards  a  short  distance  on  the  floor  of  the  sac  in  the 
substance  of  the  arachnoid  layer,  which  here  is  closely  approximated  to  the 
dura.  More  careful  study  reveals  the  fact  that  those  nerve-roots  which  arise 
from  the  saccular  portion  of  the  cord  above  its  attachment  to  the  sac  wall,  pass 
upward  along  the  cord  and  enter  foramina  at  a  higher  level  than  their  point 
of  origin. 

In  order  to  verify  these  observations,  the  anterior  wall  (floor)  of  the  sac 
and  that  part  of  the  cord  above  the  lesion  which  had  been  removed  after 
death,  were  exposed  from  in  front  by  removing  the  bodies  of  the  vertebrae. 
As  is  shown  in  the  drawing  of  this  dissection  (fig.  11),  not  only  the  roots  that 
arise  from  the  intracystic  part  of  the  sac,  but  those  which  arise  from  the  cord 
above  the  lesion,  are  found  to  course  upward  in  the  spinal  canal  before  passing 
into  their  foramina.     By  a  careful  study  of  the  relationships  of  the  undivided 
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nerves  above  the  operative  section  (B,  in-  fig-  10)  and  of  the  divided  nerves  in 
the  lower  piut  of  the  sac,  it  is  possible  to  determine  that  all  the  sacral  roots 
and  the  coccygeal  nerve  were  attached  to  the  sac  wall  and  were  divided  with 
it,  and  that  the  lower  radicles  of  the  fifth  lumbar,  as  shown  in  tig.  10.  were 
similarly  adherent  to  the  sac  wall,  but  the  upper  radicles  of  this  pair  of  nerves 
arose  from  the  cord  at  some  distance  from  its  attachment  to  the  sac,  and  passed 
up  it  to  the  foramina  without  interference  from  sac  wall.  Passing  upward 
and  examining  the  part  of  cord  in  the  normal  canal  above  the  sac,  one  finds  that 
the  upward  inclination  of  the  roots  decreases,  but  is  still  evident  at  the  upper 
limit  of  the  specimen,  tlie  roots  from  the  level  of  the  third  luml)ar  vertebra 
passing  through  the  twelfth  thoracic  foramen. 

In  fig.  11  it  will  be  noticed  that  the  nerve-roots  exposed  to  view  are  some- 
what curved  owing  to  the  relief  of  tension  when  the  cord  from  which  they 
arise  was  cut  free  from  the  sac  wall  at  operation.  This  also  accounts  in  part 
for  the  apparently  small  number  and  great  thickness  of  the  individual  radicles 
as  compared  with  the  numerous  delicate  fibres  found  in  normal  cords.  So 
soon  as  they  have  reached  the  fioor  of  the  sac  tlie  relationships  of  dura  and 
of  spinal  ganglia  and  nerve  trunks  are  entirely  normal,  and  the  anterior  and 
posterior  primary  divisions  of  the  sacral  nerves  pass  through  well  formed 
foramina  in  the  usual  manner,  though  the  position  of  the  posterior  foramina  is 
obscured  by  the  flaring  vertebral  laminae.  It  is  evident,  therefore,  that  the 
cord  must  have  lain  in  contiguity  with  the  vertebral  rudiments  when  these 
structures,  the  roots  and  gangha,  were  developing,  as  the  normal  connections 
could  not  have  been  established  across  a  large  cavity  filled  with  fluid.  The 
fluid  collection  in  the  subarachnoid  space  must,  therefore,  have  occurred 
after  these  connections  were  made,  and  may  be  a  result  of  the  impairment 
of  arachnoid  function  caused  by  the  adhesions  at  the  mid-line  already 
mentioned. 

The  upward  direction  of  the  nerve  roots  to  their  foramina  of  exit  is  due  to 
two  factors.  To  one  of  these  reference  has  already  been  made  in  discussing 
Case  I,  and  attention  is  again  called  to  fig.  5,  in  which  the  normal  cord  migra- 
tion and  its  modification  in  Case  I  is  represented.  In  the  specimen  now 
under  consideration  tlie  first  sacral  segment  of  the  cord  was  held  in  contact 
with  the  skin  so  that  it  could  not  slip  upward  in  the  spinal  canal  as  this 
elongated.  Consequently  the  cord  between  this  point  and  the  fixed  first 
cervical  segment  was  stretched  to  tlie  full  length  of  the  enlarging  canal.  Were 
this  the  only  force  at  work  the  stretching  would  have  been  uniform  throughout 
the  length  of  the  cord  and  the  nerve  roots  would  have  continued  to  pass  out 
horizontally  to  their  respective  body  segments.  However,  the  distension  of 
the  meningeal  sac  with  fluid  still  further  stretched  the  lower  segments,  so  that 
they  became  actually  longer  than  the  spinal  canal  by  the  distance  "  x-t/" 
indicated  in  fig.  10,  and  the  nerve-roots  above  the  point  of  cord  attachment 
were  carried  below  their  foramina  of  exit  to  this  extent,  and  so  appear  to  ascend 
in  the  canal  before  emerging.     This  is  shown  diagrammatically  in  fig.  5,  D. 

The  position  of  the  roots  below  the  adhesion  of  cord  to  sac  is  determined 
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by  the  same  two  factors,  the  fixation  of  the  second  sacral  segment  and  tension 
by  the  sac,  acting  under  different  conditions.  It  must  be  remembered  that  in 
the  normal  migration  of  the  cord,  elongation  of  the  roots  takes  place  j^d^'i  l^assu 
with  the  elongation  of  the  canal,  and  the  cord  itself  is  never  submitted  to  strain. 
In  the  meningocele,  however,  the  tissues  of  the  cord  itself  ai-e  stretched,  and 
it  seems  possible  tliat  this  may  increase  the  minute  histological  defects  found 
in  these  cases  and  so  increase  the  amount  of  functional  loss. 

Microscopical  examination. — Sections  were  made  at  the  levels  indicated  in 
fig.  10.  The  region  from  the  point  of  attachment  of  the  cord  to  the  end  of  the 
visible  nervous  tissue  {h  to  c  in  the  diagram),  a  distance  of  about  four  milli- 
metres, was  examined  in  serial  sections,  and  those  which  ai'e  of  the  greatest 
interest  are  described.  The  transitional  stages  as  illustrated  in  the  intervening 
sections  in  the  series  are  referred  to  between  the  descriptions  of  the  separate 
sections  photographed. 

Section  A. — Cord  above  the  lesion  (fig.  12,  A)  :  This  was  removed  from  the 
level  of  the  second  lumbar  vertebra,  but  the  relations  of  its  nerve  roots  show 
that  it  represents  the  twelfth  thoracic  segment.  The  arrangement  of  the 
motor  cells  is  not  that  of  the  lumbar  enlargement.  The  shape  of  the  cord  in 
section  is  roughly  pyriform,  with  the  wide  part  anterior,  and  a  depression  on 
each  side  posterior  to  the  anterior  horn.  The  anterior  median  fissure  is 
shallow,  the  anterior  commissure  normal.  The  central  canal  is  narrow  just 
above  the  septum,  and  posterior  to  this  has  two  wing-like  projections  irregu- 
larly lined  by  ependyma.  It  then  passes  posteriorly  and  can  be  followed  by 
means  of  its  ependymal  lining  to  within  a  short  distance  of  the  posterior 
surface.  In  the  section  photographed  no  posterior  median  septum  is  present, 
but  in  sections  from  the  same  block  of  tissue  slightly  proximal  to  this  the 
central  canal  l)lends  with  a  definite  posterior  glial  septum.  Anterior  horn  cells 
are  few  in  number,  but  well  developed  ;  posterior  horn  cells  cannot  be  identi- 
fied with  certainty,  but  a  few  nerve  cells  corresponding  in  shape  and  size 
with  them  are  present  in  the  I'egion  indicated  in  the  photograph.  The 
neuroglia  in  the  whole  section  is  loose  in  arrangement  and  oedematous, 
and  contains  an  excess  of  small  blood-vessels.  Posterior  nerve  roots  enter 
near  the  posterior  mid-line ;  their  ascending  fibres  form  a  small  posterior 
column  which  is  normally  placed.  Other  myelinated  fibres  from  these  roots 
pass  round  the  distorted  central  canal  to  end  in  relation  to  the  cells  of  the 
posterior  and  the  anterior  horns.  On  the  left  side  other  myelinated  fibres 
which  have  ascended  for  a  short  distance  in  the  posterior  column  are  seen 
passing  round  in  the  same  manner  to  the  cells  of  the  grey  horns. 

Anteriorly  there  is  a  quite  normal  distribution  of  myelinated  fibres  repre- 
senting tracts  which  cannot  be  definitely  differentiated  from  ooe  another  in 
a  normal  cord  of  this  age.  The  antero-lateral  fasciculi  are  very  prominent. 
An  area  of  less  definite  myelination  probably  represents  the  lateral  cerebro- 
spinal bundle.  On  the  left  side  of  the  section  there  is  a  group  of  cells  (sub- 
gel.),  which  probably  correspond  to  the  gelatinous  substance.  On  the  right  side 
there  is  no  similar  group  in  this  region  but  there  is  a  less  definite  group  in 
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relation  to  the  entering  fibres  of  the  iiosterior  root.  It  will  he  recalled  that 
the  gelatinous  substance  normally  lies  as  a  cap  on  the  posterior  horn,  between 
it  and  the  entering  fibres.  One  or  two  myelinated  fibres  cross  in  the  anterior 
commissure.  There  is  an  appearance  of  crossing  fibres  in  the  posterior  com- 
missure, but  a  careful  reconstruction  from  the  study  of  many  sections  from 
this  area  shows  that  these  are  fibres  from  the  homolateral  posterior  column 
passing  round  the  dilated  central  canal.  The  collapse  of  the  central  canal  has 
caused  a  tear  in  the  posterior  part  of  the  cord  to  tlie  left  of  the  median  line, 
and  the  relations  of  structures  in  this  region  are  much  altered  by  the  distor- 
tion. This  has  rendered  the  interpretation  of  the  findings  exceedingly  difficult, 
but  could  not  be  avoided  as  it  was  the  I'esult  of  the  operative  procedure.  In 
the  uncollapsed  specimen  the  central  cavity  must  have  been  nearly  circular, 
with  its  posterior  wall  composed  of  glia  and  nerve  fibres  and  its  anterior  wall 
of  the  grey  horns  and  anterior  part  of  the  white  matter. 

Section  B  (fig.  12,  B). — This  section  is  taken  at  the  lower  end  of  tlie  cord, 
just  before  its  attachment  to  the  sac  wall.  Tlie  distri])ution  of  the  nerve 
radicles  from  this  shows  that  it  represents  the  first  sacral  segment.  Owing  to 
the  obliquity  of  the  attachment  to  the  sac  wall  the  section  shows  a  great 
enlargement  of  the  cord  in  an  antero-posterior  direction.  The  transverse 
diameter  is  about  normal.  There  is  a  well-marked  anterior  median  fissure  but 
no  definite  posterior  median  septum.  The  central  canal  is  enormously  enlarged 
and  irregular  in  shape  ;  its  walls  are  collapsed  ac  a  result  of  the  operation. 
The  ependymal  layer  is  present  in  the  anterior  portion  of  the  cavity,  but  is  lost 
posteriorly.  This  is  the  case  in  all  the  sections  of  this  region,  and  appears  not 
to  be  an  artefact  but  to  indicate  a  communication  of  central  canal  with  an 
adventitious  cavity. 

In  the  substance  of  the  medullary  tissue  are  a  few  small  collections  of  fluid, 
and  the  nervous  elements  present  a  loose  arrrangement,  presenting  evidence  of 
oedema.  There  is  in  many  places  an  apparent  absence  of  nerve  cells  or 
fibres  lying  between  the  meshes  of  glial  fibrils,  and  there  are  but  few  neuroglia 
or  neuroblastic  cells.  Bound  the  central  canal  there  is  a  tendency  for  the 
cells  to  be  spindle-shaped  and  to  retain  somewhat  the  type  of  the  si)ongioblast 
of  the  mantle  layer  of  the  embryonic  cord.  In  the  posterior  region  there  is  no 
trace  of  posterior  horn  cells,  but  posterior  nerve-roots  are  myelinated  and  enter 
normally.  In  the  anterior  horn  there  is  a  well  formed  group  of  cornual 
cells  of  normal  size,  corresponding  roughly  in  arrangement  to  those  of  lumbar 
enlai-gement,  and  the  emerging  motor  fibres  are  myelinated  and  numerous,  but 
somewhat  irregularly  grouped.  The  antero-lateral  fasciculi  proprii  are  mye- 
linated and  normally  placed  ;  no  other  tracts  are  distinguishable.  The  mem- 
brane covering  this  part  of  the  cord  is  thicker  tlian  normal  ;  and  though 
laterally  and  anteriorly  it  appears  to  be  composed  of  inflammatory  pia  only, 
posteriorly  it  blends  with  a  dense  layer  which  represents  fused  arach- 
noid and  dura.  Posteriorly  also  there  is  much  leucocytic  infiltration,  probably 
due  to  the  proximity  of  the  inflamed  sac  wall. 

Immediately  below  this  section   the  cord  was  so  fimly  adherent  to  the  sac 
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wall  that  sections  were  made  through  this  in  order  to  preserve  the  posterior 
portion  of  the  cord  tissue.  The  first  of  the  serial  sections  examined  from  this 
region  (hetween  B  and  C  on  fig.  10)  shows  that  the  posterior  part  of  the  cord  is 
spread  laterally  as  it  becomes  attached  to  the  wall  of  the  sac,  and  the  adven- 
titious cavity  in  Section  B  enlarges  and  approaches  the  surface.  In  the 
posterior  attached  portion  less  and  less  nervous  differentiation  remains,  so 
that  in  the  distal  sections  it  appears  only  as  a  glial  mass  lying  in  the  subcuti- 
cular connective  tissue  layer.  This  glial  mass  is  separated  into  two  parts  by 
the  extension  of  a  fibrous  band  through  the  posterior  median  line  towards  the 
anterior  median  septum.  In  more  distal  sections  this  band  of  adliesions 
spreads  into  the  posterior  cord  tissue  laterally,  and  finally  breaks  it  up  into  small, 
partly  differentiated,  neuro-epithelial  masses.  At  the  same  time,  the  central 
canal  persists  in  the  anterior  part  of  the  cord  but  narrows  as  it  approaches 
the  posterior  surface.  The  anterior  median  septum  extends  dorsally  until  it 
finally  reaches  and  becomes  fused  with  the  subcuticular  layer  of  fibrous  tissue, 
thus  separating  the  anterior  portion  of  the  cord  into  two  lateral  halves.  In 
each  of  these  a  prolongation  of  the  central  canal  persists  for  a  time.  In  one 
of  them  it  is  carried  somewhat  more  caudally  than  in  the  other.  On  account 
of  the  obliquity  of  the  cord  in  this  situation  the  interpretation  of  the  sections 
is  by  no  means  easy. 

Section  5-2  (fig.  13). — The  position  of  this  section  is  half-way  between 
B  and  E  as  indicated  on  fig.  10.  Tlaere  remains  but  little  of  the  pos- 
terior part  of  the  cord,  and  only  in  scattered  masses  close  to  the  surface 
epithelium.  At  the  median  line  the  surface  epithelium  is  thinned  and  in 
some  sections  absent,  and  beneatli  it  there  are  many  inflammatory  cells  in 
the  fibrous  tissue  which  separates  it  from  the  cord  substance.  The  anterior 
part  of  the  cord,  recognized  by  a  few  motor  cells,  is  separated  into  two  halves 
by  the  adherence  of  the  anterior  median  septum  to  the  surface  fibrous  layer. 
The  depth  of  this  fibrous  bridge  and  of  the  nervous  tissue  is  increased  by  the 
obHquity  of  the  section.  At  the  point  indicated  in  the  photograph  there  remains 
a  trace  of  the  anterior  commissure  which  persists  for  a  few  sections  below  this 
point  and  then  disappears.  No  myelinated  fibres  are  present  except  a  few  in 
the  anterior  part  of  the  cord  coming  from  anterior  horn  cells.  The  anterior 
roots  and  the  extreme  anterior  part  of  the  cord  have  been  cut  off  by  the  removal 
of  Section  B.  The  posterior  roots  are  non-myelinated  and  consist  of  but  few 
nerve  fibres  with  an  excess  of  fibrous  tissue  ;  they  lie  close  to  the  surface 
epithelium  and  are  lost  in  the  fibrous  subcuticular  layer  before  they  reach  the 
cord.  At  the  left  in  the  photograph  {cent,  canal)  there  remains  a  small 
ependymai-lined  cavity,  the  prolongation  of  the  central  cavity  of  higher 
sections.  This  is  carried  fartlier  down  on  the  left  than  on  the  right  side. 
Both  the  nervous  masses  are  connected  with  the  tiiinned  epidermis  by  strands 
of  undifferentiated  epithelium,  infiltrated  with  inflammatory  cells.  The 
nervous  masses  are  considerably  broken  up  by  adventitious  connective  tissue 
trabeculae  and  by  inflammatory  material.  The  condition  here  recalls  Case  I. 
fig.   9,   where  the  ribbon  cord  passes   into  the  closed   distal  segments.      In 
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Case  I,  the  transition  is  not  obscuretl  In  adhesion  to  skin,  and  the  bilid 
character  of  the  central  canal  is  more  easily  seen.  In  these  the  open  seg- 
ments are  adlierent  to  skin,  and  the  relations  are  so  altered  that  tlie  stages 
are  difiicult  to  recognize. 

Section  C  (tig.  13,  C). — In  this  section  the  anterior  part  of  tlie  cord  is  still 
recognizable  ;  one  or  two  anterior  horn  cells  are  present  in  each  lateral  mass. 
On  the  left  side  an  anterior  nerve  root  emerges,  but  it  contains  no  myelinated 
fibres,  nor  are  there  any  in  the  anterior  cord  rudiments.  Posteriorly  irregular 
epithelial  strands  connect  the  nervous  masses  witli  the  surface  epithelium. 
(The  loss  of  epithelium  over  the  middle  portion  of  the  photograph  is  an 
artefact.)  Laterally  there  are  many  small  collections  of  partly  ditierentiated 
neural  epithelium,  which  appear  to  represent  the  posterior  portion  of  the  cord. 
On  the  left  side  one  of  these  contains  a  cavity  with  a  well  developed 
ependymal  lining,  which  has  no  connection  with  any  otlier  ;  it  persists  for 
but  a  few  sections  proximal  and  distal  to  this  level. 

In  the  remainder  of  the  serial  sections  from  this  region  the  posterior 
(lateral)  collections  of  neuro-epithelium  become  more  and  more  attenuated 
and  invaded  by  the  surrounding  fibrous  tissue ;  the  anterior  masses  remain 
recognizable  for  some  distance,  and  are  still  present  in  the  next  section  to  be 
described. 

Section  D  (not  photographed). — At  a  distance  of  10  mm.  from  Section  C. 
The  anterior  masses  are  distinguished  only  by  their  position  and  relation 
to  those  in  higher  sections.  No  motor  cells  are  present,  yet  nerve-i'oots 
approach  close  to  the  deep  surface  of  tlie  nervous  tissue,  and  at  certain  points 
there  appear  to  be  emerging  bundles  of  non-myelinated  fibres.  Between 
the  integument  and  the  neural  masses  there  still  persists  an  irregular  and 
broken  epithelial  connection. 

For  a  sliort  distance  below  tlie  last  section  nervous  tissue  is  demonstrable, 
and  nerve  bundles  are  present  in  the  connective  tissue  to  the  caudal  limit  ol 
the  sac  wall. 

Case  IV. 

Cystic  myelocele — rachischisis  completa  restricta  of  Class  3  (A). 

History. — M.  E.  H.,  female,  aged  tliree  weeks. 

Father  and  mother  healthy,  except  that  mother  has  a  "  weak  back,"  but 
had  no  trouble  while  carrying  child.  Baby  has  one  brother,  aged  G,  who  had 
"  infantile  paralysis  "  at  age  of  I5  years,  which  has  left  his  legs  weak,  though 
all  the  muscles  seem  to  be  equally  developed.  His  sphincter  control  is  normal. 
No  examination  of  his  back  was  made.  No  liistory  of  congenital  defect  in 
o-her  members  of  either  side  of  the  family. 

Descrixjtion  of  condition. — Baby  well  formed,  except  for  spina  bifida. 
Nutrition  good  ;  no  liydrocephalus  apparent.  In  lower  lumbar  region  is  a 
tumour  size  of  half  a  mandarin  orange,  covered  by  ijarchment  skin,  ulcerated 
on  the  surface  and  covered  by  a  transparent  dressing.  On  removing  tliis  the 
ulcerated    area    bleeds,   but    shows    no    purulent   discliarge,   nor   spinal    fluid. 
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Pressure  near  or  on  sac  causes  the  baby  to  cry.  Urination  and  defaecation 
occur  frequently,  especially  when  the  child  cries  or  the  sac  is  touched.  Move- 
ments of  thigh  are  normal.  In  a  position  of  rest  tlie  legs  are  kept  straight,  but 
passive  plantar  flexion  causes  slight  active  flexion  of  the  knees.  The  feet  lie 
in  a  position  of  flaccid  semi-extension,  and  the  usual  "curl"  of  a  baby's 
foot  is  absent.  If  the  foot  is  irritated  the  extensors  act  so  as  to  pull  it 
into  a  position  of  dorsiflexion  on  the  ankle,  but  the  toes  seem  not  to  move. 
No  response  of  any  kind  could  be  obtained  to  tickling  sole  of  foot  or 
pressing  calf  muscles.  No  attempt  was  made  to  determine  tiie  state  of 
sensation  in  the  tliigh  or  perineum.  Pre-operative  diagnosis  :  meningocele ; 
position  of  cord  not  determined  unless  indicated  by  ulceration  of  surface. 
Muscular  responses  probably  indicate  that  the  tibialis  anterior  (L.  4  and  5  and 
S.  1)  and  extensor  longus  digitorum  (L.  4  and  5  and  S.  l)  are  approximately 
normal.  Peronei  (L.  5  and  S.  1)  and  small  muscles  of  the  foot  (L.  5  and  S.  1 
and  2  and  3)  are  involved  to  some  extent.  Gastrocnemius  and  soleus 
(L.  5,  S.  1  and  2)  ;  and  the  urethral  and  anal  spliincters  (S.  1  and  2,  3  and 
4,  Dejerine)  are  apparently  completely  paralysed.  It  seems  prol)able  that  all 
the  sacral  nerves  are  affected  ;  that  the  flfth  lumbar  is  slightly  so,  and  that 
the  fourth  lumbar  is  normal. 

Operation  by  Dr.  J.  E.  Thompson,  October  30,  1920,  under  ether  anes- 
thesia. Baby  had  iiTegular  respiration  from  the  time  sac  was  opened  until 
close  of  operation,  but  colour  remained  fair.  Transverse  incision.  Parchment 
skin  removed,  cord  found  to  be  rather  large  at  its  termination,  and  to  l)e 
attached  to  the  sac  at  the  middle  where  ulceration  had  taken  jilace.  The  cord 
was  cut  free  as  close  to  sac  as  possible,  and  its  end  ligated.  It  was  ovoid  in 
shape  and  presented  a  rather  large  cavity.  The  level  of  its  attachment  was 
about  opposite  the  fourth  lumbar  vertebra.  Across  the  sac  several  large  nerves 
coursed,  and  two  of  these  on  each  side  passed  along  cord  to  the  roof  of  sac 
to  which  they  were  attached  by  delicate  fibrous  bands.  These  were  separated, 
but  it  was  thought  that  in  cutting  the  cord  at  its  attachment  the  roots  of  these 
were  severed.  One  or  two  very  fine  nerve  filaments  were  cut  from  the  lower 
part  of  the  sac  roof  below  attachment  of  coi'd,  which  probably  belonged  to  the 
lower  sacral  or  coccygeal.  It  was  impossible  to  separate  these,  and  their  roots 
had  been  necessarily  cut  with  the  end  of  cord.  Dura  and  skin  wei'e  separated 
at  the  side  of  sac  and  the  wound  closed  in  two  layers,  with  a  small  gutter  drain 
at  one  end  under  skin.  Post-operative  course,  October  30,  1920 :  Condition 
remained  good  during  day  of  operation,  though  the  bal^y  had  one  or  two 
attacks  in  which  the  face  became  cyanotic,  but  the  rest  of  body  remained  of 
good  colour.  Eespiration  appeared  good  during  the  attacks,  which  lasted 
fifteen  or  twenty  seconds.  These  attacks  continued  to  come  more  frequently 
and  to  be  more  severe,  with  irregular  respiration.  On  November  1  tlie  tube 
was  removed  from  the  wound,  and  was  followed  l)y  considerable  leakage  of 
spinal  fluid.  This  continued  to  drain  profusely  for  some  days,  then  became 
gradually  less,  but  was  still  slight  when  baby  was  discharged.  During  the 
remainder  of  this  day  (November  l)  baby  took  no  nourishment ;  had  twitch- 
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ings  of  the  face  and  jerkin.u  of  the  eyes"  to  the  left  fit  was  lying  on  tlie  right 
side).  These  attacks  of  facial  twitching  became  increasingly  severe.  They 
were  at  first  accompanied  by  cyanosis,  hut  this  became  less  though  the 
nervous  phenomena  increased.  Attacks  occurred  whenever  tlie  child  was 
disturbed  or  there  was  much  noise.  After  an  attack  the  baby  seemed  worn 
out.  and  would  drop  into  a  troubled  sleep.  On  November  3  she  seemed 
to  regain  strength,  cried  normally,  and  took  some  nourishment ;  but  still 
had  some  attacks  of  facial  twitching  and  slight  cyanosis.  Spinal  fluid 
was  draining  freely  from  wound.  November  4 :  had  a  severe  attack  of 
dyspnoea  with  twitching  of  the  face,  mouth,  and  eyes,  and  mild  general 
convulsions.  Attacks  of  this  nature  occurred  frequently  from  7  p.m.  to 
10  p.m.,  and  then  became  less  frequent  and  severe.  November  5  and  6 :  had 
similar  attacks,  but  of  decreasing  frequency  and  severity.  On  November  7 
she  had  no  severe  attacks  and  was  nursing  better.  Drainage  from  wound  was 
slightly  turbid  and  yellow  for  the  first  time.  Similar  discharge  occurred  for 
the  next  three  days,  after  which  there  was  only  a  sliglit  drainage  of  clear 
cerebrospinal  fluid.  On  November  11  "nervous  attacks"  ceased  entirely,  and 
from  then  on  the  baby's  condition  steadily  improved.  She  left  the  hospital  a 
few  days  later.  Immediate  operative  result :  No  change  could  be  seen  in  the 
muscular  power  so  far  as  it  could  be  determined  after  the  operation.  The 
nurse  and  the  mother  said  that  the  big  toe  and  the  second  toe  were  extended 
from  time  to  time,  but  this  was  never  observed  by  Dr.  Thompson  or  the  writer. 
DeKcription  of  the  myelomeningocele. — In  this  case  it  is  only  possible  to 
give  the  operative  findings  and  the  descrijition  of  the  sac  as  removed,  so  that 
all  information  regarding  tlie  cord  above  the  lesion  and  accurate  data  regarding 
the  relations  of  nerve  roots  and  floor  of  sac  are  lacking.  As  viewed  at  opera- 
tion, this  case  vividly  recalled  the  appearance  of  Case  III,  and  if  the  reader 
will  refer  to  the  diagram  (fig.  10)  of  that  case,  the  description  of  the  conditions 
found  in  this  case  will  be  much  more  intelligible.  The  conditions  found  at 
the  operation  were  :  the  end  of  the  cord  was  rather  large  and  distended  witli 
fluid,  and  attached  to  the  sac  at  its  mid-point,  which  in  the  distended 
condition  of  sac  was  thought  to  lie  about  opposite  the  fourth  lumbar  vertebra. 
Across  the  sac  several  large  nerve  roots  passed,  and  two  of  these  on  each  side 
ran  along  the  cord,  apparently  attached  with  it  to  the  roof  of  the  sac.  Below 
the  attachment  of  cord  one  or  two  fine  filaments  were  seen  passing  down 
from  the  roof  of  the  sac  to  its  floor  ;  they  were  thought  to  represent  the 
lowest  sacral  and  possibly  the  coccygeal  nerves. 

Roof  of  sac :  Immediately  after  the  operation  the  removed  area  of  sac  was 
pinned  out  on  cardboard,  so  as  to  preserve  as  nearly  as  possible  its  size  and 
shape.  It  is  very  nearly  circular,  measuring  65  cm.  by  65  cm.  in  the  long  and 
transverse  diameters,  and  when  seen  from  the  posterior  aspect  (i.e.,  the 
external  surface)  all  of  this  except  a  central  area  of  about  5  mm.  was  found 
to  be  parchment  skin,  the  peripheral  area  being  covered  by  thin,  fairly  normal 
integument.  The  anterior  aspect  (fig.  14)  is  found  to  be  clothed  with  a  shining 
dura,  which  is  inseparable  from  the  surface  layer,  and  within  this  is  a  delicate 
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araclinoid  layer.  Two  and  one-half  centimetres  below  the  upper  limit  of  sac 
the  cut  end  of  the  spinal  cord  is  found,  and  from  this  point  downwards,  as  is 
shown  in  the  diagram,  there  extends  a  band  of  tissue  16  mm.  in  thickness  at 
its  broadest  part,  and  narrowing  slightly  as  it  reaches  the  end  of  the  sac.  This 
band  is  irregular  in  shape,  and  somewhat  hemorrhagic  wliere  it  is  continuous 
with  the  end  of  the  cord,  but  below  this  regior  it  is  flat,  shining,  and  rather 
sharply  marked  off  from  the  remainder  of  the  sac  by  two  longitudinal  bands 
of  fibrous  tissue.  A  vein  which  runs  down  the  middle  line  of  the  band  con- 
forms in  appearance  with  the  anterior  median  vein  of  the  cord.  On  tlie  edge 
of  the  band  the  arachnoid  appears  to  blend  with  the  pial  layer  which  covers  it. 
Apparently  the  two  lateral  fibrous  bands  represent  the  ligamenta  denticulata, 
but  none  of  the  lateral  denticulations  could  be  seen.     In  the  upper  portion 
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Fio.  14. — Case  IV,  lumbo-sacral  cystic  mjelocele.  Interior  of  sac  as  removed  at  opera- 
tion, showing  band  of  altered  cord  tissue,  and  the  region  of  cord  attachment.  Levels  of 
microscopical  sections  indicated  by  letters  a,  b,  c,  d. 


of  the  median  band,  medial  to  the  ligamenta  denticulata,  it  is  possible  to  find 
a  few  delicate  nerve  filaments  representing  anterior  roots  proceeding  outward 
and  upward  on  the  sac  roof,  and  apparently  cut  off  with  the  end  of  the  cord. 
These  cannot  be  found  in  the  caudal  25  mm.  of  the  band.  Lateral  to  the 
ligaments,  nerve  filaments  (posterior  roots)  can  be  found  lower  down,  to  within 
10  mm.  of  the  end  of  sac.  These  filaments  are  very  delicate  and  lie  free  in 
the  sac  ;  they  do  not  arise  from  the  cord  above,  but  directly  from  the  band  of 
tissue  just  described.  If  the  inference  drawn  at  operation  be  correct,  that 
these  two  roots  are  the  fifth  sacral  and  coccygeal  nerves,  by  counting  back  from 
these  it  should  be  possible  to  determine  with  more  or  less  accuracy  the  seg- 
ment of  cord  attached  to  the  sac.  This  is  probably  the  first  sacral  or  fifth 
lumbar,  and  the  clinical  examination  appears  to  corroborate  this.     The  presence 
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of  tliese  nerve  roots  would  lead  one  to  -expect  to  find  nervous  tissue  in  the 
median  band  as  low  down  as  the  last  pair  of  roots,  but  by  the  naked  eye 
nothing  resembling  normal  cord  tissue  can  be  seen  below  the  point  where  the 
cord  has  been  cut  obliquely  free  from  tlie  sac  wall.  A  section  immediately 
'.jelow  this  point,  tlirough  the  sac  roof,  shows  a  soft  cystic  friable  mass  of 
tissue,  and  sections  below  this  reveal  only  a  pink,  soft  mass  of  tissue,  sliglitly 
thicker  than  the  rest  of  tlie  sac  wall,  extending  laterally  a  little  farther  than 
the  band  of  tissue  described  on  the  inner  surface,  but  having  no  resemblance 
to  cord  tissue.  As  will  be  seen,  however,  the  microscopic  examination  of 
sections  through  this  region  are  not  disappointing. 

Microscopical  examination.. — The  sections  descri])ed  were  made  at  the  levels 
indicated  in  fig.  14,  through  tlie  median  band.  The  end  of  the  cord  had  been 
severed  by  the  operative  procedure  so  close  to  the  sac  wall  that  no  section  of 
it  could  be  made  before  its  attachment  to  sac.  At  its  point  of  attachment 
serial  sections  of  the  entire  region  were  made,  and  the  photographs  are 
selected  from  these.  The  area  so  examined  extended  from  A  to  C  in  the 
diagram  ;  the  changes  observed  in  intervening  sections  of  the  series  are  noted 
between  the  descriptions  of  the  individual  sections. 

Section  A  (fig.  15). — This  was  taken  proximal  to  the  point  of  cord  attach- 
ment, but  the  lower  sections  of  the  block  show  a  small  part  of  the  cut  surface 
of  the  cord.  The  surface  is  covered  by  thin,  stratified,  cornified  epithelium, 
below  which  is  a  dense  layer  of  connective  tissue,  representing  fused  corium 
and  dura.  Below  this  laterally  is  a  thin  layer  of  connective  tissue  covered  by 
endothelium,  the  arachnoid,  which,  thickening  as  it  nears  the  mid-line,  becomes 
blended  with  the  pia  and  lies  in  direct  relation  to  the  posterior  part  of  cord 
tissue.  The  upper  limit  of  the  adherent  portion  of  cord  is  here  seen  represented 
by  a  mass  of  glia,  in  which  no  nerve  cells  nor  myelinated  fibres  are  present. 
The  anterior  part  had  been  cut  away  in  the  operation. 

Section  B  (fig.  15,  B). — This  section  is  taken  immediately  distal  to  the 
point  of  cord  attachment,  and  is  the  first  of  the  series  through  the  region 
which  has  not  been  affected  l)y  the  operative  incision.  It  is  probable  that  it 
represents  the  first  sacral  segment  of  the  cord  (cf.  gross  description).  As  will 
be  seen  in  the  photograph,  the  surface  here  is  covered  by  a  thin  layer  of  stratified 
squamous  epitheUum,  imperfectly  cornified,  and  having  none  of  the  normal 
skin  glands  nor  papilla?.  Immediately  below  it  is  a  mass  of  connective  tissue 
which  is  in  parts  densely  infiltrated  with  leucocytes  and  with  blood. 

Below  this  layer  of  connective  tissue  there  is  a  dilated  cystic  cord,  of  which 
the  anterior  portion  only  bears  any  resemblance  to  normal  cord  structure. 
Laterally  the  subcutaneous  connective  tissue  is  found  to  blend  with  an  imperfect 
dural  and  arachnoid  layer,  but  in  the  region  where  nervous  tissue  exists  these 
are  not  present.  The  cord  anteriorly  is  clothed  by  a  thick  layer  of  vascular 
connective  tissue,  apparently  a  thickened  outer  layer  of  pia  mater  in  which  lie 
nerve  roots  ;  and  within  this  is  a  delicate  connective  tissue  membrane,  which 
appears  to  represent  the  inner  layer  of  the  pia.  Both  these  layers  are  lost 
posteriorly  in  tlie  subcutaneous  connective  tissue  layer  already  mentioned. 
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The  most  striking  feature  in  the  cord  is  a  large,  irregularly-shaped  fluid- 
filled  cavity,  which  in  the  section  is  much  distorted  hy  the  operative  procedure. 
This  is  not  a  dilated  central  canal ;  it  is  not  l;ned  by  any  membrane,  hut  by 
the  neuroglia  of  cord  substance.  Posteriorly  on  each  side  is  a  smaller  cavity, 
separate  from  the  main  cyst,  which  in  the  light  of  observations  on  other  cases 
may  possibly  represent  the  position  of  undeveloped  posterior  columns.  No  trace 
of  the  posterior  horns  or  columns  can  be  found,  but  there  is  an  irregular  mass 
of  neuroglia  on  each  side.  Toward  the  mid-line  these  masses  are  lacking,  and 
the  cavity  in  the  cord  tissue  is  bounded  by  the  subcutaneous  connective  tissue 
layer.  Anteriorly  there  is  a  well-formed,  ependyma-lined  centrial  canal,  and  on 
either  side  of  this  well-formed  anterior  horn  cells  can  be  found,  irregularly 
grouped  along  the  anterior  wall  of  the  cystic  cavity.  Myelinated  fibi'es  are 
seen  to  pass  from  these  and  to  emerge  as  fairly  lai'ge  anterior  nerve  roots. 
There  are  also  numerous  myelinated  fibres  forming  a  marginal  zone  over  all 
the  anterior  half  of  the  cord  ;  these  are  probably  all  association  fibres. 

In  the  connective  tissue  surrounding  the  cord  the  nerve  bundles  are 
found  arranged  in  two  groups  ;  one  of  these  lies  anterior  to  the  cord  in  the 
mid-line,  and  then  passes  outwards  to  the  sac  wall.  Into  this  group  the 
anterior  root  fibres  may  be  seen  to  pass  from  the  cord.  The  other  group  lies 
close  to  the  surface  epithelium,  and  none  of  the  fasciculi  can  be  traced  to  the 
cord.  It  appears  that  the  fibres  in  this  second  group  represent  the  posterior 
roots  approaching  the  cord  from  the  spinal  ganglia,  but  they  never  reach  it, 
otherwise  some  should  have  been  found  in  the  great  number  of  sections 
examined.  This  presupposes  the  proper  development  of  the  spinal  ganglia, 
which  is  not  owing  to  the  circumstances  of  the  case  capable  of  proof.  As  has 
been  seen,  however,  in  the  discussion  of  Cases  I  and  II,  the  spinal  ganglia 
sometimes  develop  even  in  cases  with  more  marked  neural  tube  defects  than 
are  here  present,  and  the  relationships  of  these  fibres  placed  posteriorly  to 
ligamentum  denticulatum,  makes  it  reasonably  certain  that  they  represent 
posterior  roots.  Between  Sections  B  and  C  the  cyst  rapidly  narrows.  Micro- 
scopically the  small  central  canal  which  is  present  in  Section  B  enlarges  pos- 
teriorly, and  gradually  assumes  the  proportions  seen  in  the  next  section.  It 
does  not,  however,  communicate  with  the  adventitious  posterior  cavity,  but 
extends  dorsally  until  it  comes  in  contact  with  the  subcuticular  fibrous  layer, 
and  thus  separates  the  adventitious  cavity  into  two. 

Section  B-2. — Three  millimetres  below  Section  B  (fig.  16 — B-2).  The  most 
striking  feature  of  this  section  is  the  huge  central  cavity  which  abuts  directly 
against  the  subcuticular  fibrous  layer  witliout  the  intervention  of  any  nervous 
tissue.  Its  ependyma  is  unbroken,  and  the  irregularity  of  shape  is  due  to 
collapse  of  the  wall  in  preparation.  On  either  side  the  adventitious  cavity 
seen  in  Section  B  is  similarly  collapsed  and  is  broken  up  into  smaller  com- 
partments. The  anterior  median  fissure  is  shallow,  and  the  anterior  commis- 
sure hardly  discernible.  Anterior  horn  cells  are  still  present  but  are  few  in 
number.  There  are  a  few  myelinated  fibres  in  relation  to  the  anterior  horn 
cells  and  in  the  region  of  the  antero-lateral  fasciculus  proprius,  but  the  anterior 
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roots,  which  are  found  in  the  region  indkiated  in  the  photograph,  are  largely 
non-myelinated.  All  the  rest  of  the  nervous  tissue  is  con)posod  of  undifferen- 
tiated glia  and  possihly  unmyelinated  fihres. 

In  tlie  following  sections  of  tlie  series  the  central  canal  hecomes  smaller, 
first  anteriorly,  and  in  lower  sections  posteriorly  also,  and  the  anterior  median 
fibrous  septum  passes  more  and  more  dorsally  until  at  the  point  where  the 
central  canal  disappears  entirely  the  nervous  tissue  is  separated  into  two  lialves 
hy  the  fusion  of  the  anterior  median  septum  with  the  fibrous  subcuticular 
layer. 

Sccfioii  B-3. — Two  millimetres  below  Section  B  (fig.  16 — B-3).  In  this 
section  one  or  two  anterior  horn  cells  may  still  be  found.  The  nervous  tissue 
is  separated  into  two  masses  by  a  thick  septum  of  fibrous  tissue  which  extends 
dorsally  to  the  subcutaneous  tissue  ;  in  each  of  these  irregular  adventitious 
cavities  are  present,  the  continuation  of  those  seen  in  higher  sections.  One 
or  two  anterior  horn  cells  are  present ;  but  the  remainder  of  the  nervous 
masses,  composed  of  glia  and  possibly  unmyelinated  fibres,  can  hardly  be 
recognized  as  cord  tissue.  Between  the  surface  epithelium,  which  is  partly 
destroyed  in  the  median  line  by  ulceration,  and  the  nervous  tissue,  a  small 
number  of  giant  cells  are  present  and  a  few  irregular  epithelial  strands. 

Distal  to  this  section  the  nervous  masses  become  more  and  more  indistinct, 
and  about  one  millimetre  below  this  level  the  appearance  is  exactly  similar  to 
that  in  Section  C,  though  this  is  taken  at  a  lower  plane. 

Section  C  (not  photographed). — Through  the  median  band,  11  mm.  below 
Section  B  (fig.  14),  6  mm.  below  Section  B-3.  Laterally  the  character  of 
the  surface  epithelium,' connective  tissue  and  meningeal  layers  is  precisely  like 
that  in  Section  A.  In  the  middle  10  mm.  of  the  section,  however,  the  surface 
epithelial  layer  loses  its  stratification,  and  merges  into  a  mass  of  ulcerated 
imperfectly  differentiated  epithelium  of  considerable  thickness,  which  is  ulcerated 
and  forms  tlie  bulk  of  the  section  in  this  I'egion,  Many  small  blood-vessels 
course  through  this  mass,  and  its  deeper  layers  are  crossed  by  transverse 
bundles  of  fibrous  tissue.  Deeper  down  it  is  rather  sharply  limited  by  a  con- 
nective tissue  layer  corresponding  in  appearance  witli  the  pial  layer  in  the 
preceding  sections.  Between  this  and  the  moi'e  superficial  connective  tissue 
are  irregular  masses  of  epithelium  of  eml)ryonal  appearance,  some  of  which  are 
clearly  neuro-epithelium. 

Scattered  thi'ough  the  epithelial  masses  are  many  irregularly  shaped  giant 
cells,  such  as  are  found  in  the  two  preceding  sections.  Some  are  of  great  size, 
and  contain  large  numbers  of  irregularly  disposed  nuclei.  They  do  not  con- 
form to  the  type  of  the  usual  foreign  body  giant  cell,  and  are  difficult  to 
explain.  None  are  found  beneath  the  pia.  Probably  they  are  endothelial  in 
origin  and  may  represent  imperfect  budding  capillaries.  Tlie  elongation  of 
some  of  the  larger  cells,  and  the  presence  of  red  blood  cells  in  one  or  two,  seem 
to  bear  this  out. 

Section  D  (not  photographed). — This  section  is  taken  14  mm.  below  Section 
C,  at  a  point  where  the   thickened  median  band  begins  to  thin   out  near  the 
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end  of  the  sac.  It  shows  the  surface  and  meningeal  hiyers  already  described 
in  Section  A,  and  is  of  interest  only  because  of  the  absence  of  the  giant  cells 
seen  in  the  last  section,  and  because  laterally  it  possesses  medullated  nerve 
fibres,  though  it  contains  no  cord  elements.  These  are  the  posterior  roots 
described  and  shown  in  fig.  14.  The  examination  of  sections  between  this 
and  Section  C  shows  that  they  do  not  pass  up  to  the  well-formed  cord  above, 
but  are  lost  in  the  fibrous  tissue. 

Case  V. 

Hydromyelo-cystocele — rachischisis  completa  restricta  of  Class  3,  A. 

Specimen  No.  77,  University  of  Texas  Pathological  Museum  (1893). 

History. — The  baby  had  been  admitted  to  hospital  at  the  age  of  1  year 
for  treatment  of  a  lumbo-sacral  meningocele.  Following  the  injection  of 
Morton's  fluid,  then  in  use  (1893),  the  baby  promptly  died.  No  facts  re- 
garding muscular  power  are  available  ;  the  baby  had  double  congenital  talipes 
equino- varus. 

Description  of  specimen  (fig.  17). — All  the  lumbar  and  sacral  vertebrae  had 
been  removed  with  the  tumour,  bisected  along  the  mid-ventral  line  and  spread 
apart  so  as  to  expose  tiie  cord  and  the  floor  of  the  tumour  from  in  front. 
Posteriorly  the  greater  part  of  the  riglit  wall  of  the  meningeal  sac  has  been 
dissected  away  so  as  to  expose  its  interior. 

The  upper  three  lumbar  vertebrae  are  normal  ;  the  spine  of  the  fourth 
lumbar  vertebra  is  slightly  smaller  than  normal  :  the  fifth  lumbar  is  cleft,  its 
laminae  and  spines  flaring  outwards.  The  columns  of  the  sacro-spinalis 
muscle  spread  outward  also  so  as  to  obtain  attachment  to  the  flaring  spines. 
All  the  sacral  vertebrae  ai'e  bifid ;  but  while  the  spines  of  the  upper  three  flare, 
those  of  the  last  tw^o  are  not  more  widely  separated  than  in  the  normal 
sacrum.  Through  the  opening  in  the  spinal  canal,  the  meninges  and  cord  pass 
dorsalward.  The  meninges  are  adherent  to  skin  and  form  a  large  sac,  to  the 
middle  of  which  the  cord  is  attached.  It  measures  4  cm.  in  antero-posterior 
and  32  cm.  in  vertical  diameter,  but  shows  evidence  of  shrinkage  during 
fixation.  The  skin  covering  it  is  fairly  thick  and  has  tlie  appearance  of  normal 
integument,  hut  section  shows  that  it  is  without  a  fatty  layer,  and  that  its 
inner  surface  is  inseparably  fused  with  the  dural  layer  of  the  sac.  The  further 
study  of  the  sac  wall  be  simplified  by  reference  to  the  drawing  (fig.  17)  which 
was  made  from  the  specimen  and  reproduces  as  nearly  as  possible  the  results 
of  dissection.  The  only  feature  in  vi'hich  it  is  diagi-ammatic  is  that  tlie  cord  is 
represented  in  longitudinal  section  throughout  the  whole  of  its  upper  portion, 
and  the  central  canal  as  greatly  enlarged.  This  was  not  visil)le  to  the  naked 
eye  in  the  dissection  because  of  the  collapse  of  the  walls  of  tne  cord  from  the 
point  B  in  the  drawing,  to  the  upper  end  of  the  cord  in  the  normal  canal ;  the 
dilatation  is,  however,  easily  demonstrable  in  sections  at  various  levels.  This 
will  be  more  fully  explained  later. 

Under  the  fourth  lumbar  arch  the  cord  passes  dorsalward  at  a  sharp  angle 
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to  the  roof  of  tlie  sac,  where  it  flattens  "out  and  adheres  to  the  middle  of  its 
roof.  Ahove  its  i)oint  of  attachment  a  fairly  strong  connective  tissue  sei)tum 
extends  downward  from  the  sac  roof  to  the  lateral  surface  of  the  cord, 
where  it  blends  with  the  pia.  Where  the  cord  passes  into  the  normal  canal 
above,  i.e.,  at  the  "  neck  "  of  the  sac,  this  septum  is  very  narrow  and  fuses 
<>n  the  ventral  side  with  the  pia  around  the  cord  and  on  the  other  with  the 
dura  mater  of  the  sac  wall.     In  the  dissection  only  the  left  side  of  the  cord 


-    (Jut  edge  of  right  wall  ■)  Secondary 
Left  wall  /       sac 

4th  lumbar  posterior  root 

lumbar  spine 


2n(l  lumbar 
vertebra 
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Fig.  17.— Case  V,  lumbo-sacral  cystic  hydromyelocele.  Longitudinal  section  through 
sac  as  removed  at  autopsy.  Cord  had  collapsed  as  result  of  a  fixation  from  the  point  b 
upwards,  and  is  represented  in  its  dilated  condition.  In  all  other  respects  the  drawing 
accurately  reproduces  the  condition  of  the  preserved  specimen.  A  probe  is  passed  into  the 
right  lateral  pocket  of  the  dilated  cord  cavity.  Levels  of  microscopical  sections  indicated  by 
letters  a,  b,  c,  d. 


shows  this  septum,  hut  along  its  right  aspect  there  is  evidence  that  a  similar 
septum  had  been  cut  away,  and  that  in  the  original  condition  the  cord  was 
slung  between  these  two.  On  examining  the  posterior  portion  of  the  cord 
between  the  septa,  it  is  found  to  be  degenerated  and  to  bear  no  posterior 
root  fibres.  Where  the  cord  emerges  from  the  canal  and  enters  the  sac 
nerve  roots  may  be  seen  to  pass  from  its  posterior  surface  and  to  blend 
with  the  upper  part  of  the  roof  of  the  sac  as  shown  in  the  diagram.  The 
anterior  surface  of  the  cord  appears  to  be  normal  and  its  nerve  roots  pass  out 
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and  course  forwards  toward  their  foramina.  It  seemed  probable  from  the 
dissection  that  the  septa  just  described  had  enclosed  within  them  the  dilated 
posterior  part  of  the  cord,  and  furtlier  study  proved  this  to  be  the  case.  The 
preservation  of  the  sac  wall  had  not  been  sufficiently  good  for  any  nervous 
elements  to  remain  uninjured  in  the  exposed  region  where  the  right  septum 
had  been  dissected  away.  It  is  found,  however,  that  where  the  end  of  the 
cord  joins  the  sac  wall  it  is  much  flattened  and  that  the  secondary  sac  just 
described  passes  into  two  lateral  pockets.  One  of  these,  the  right,  is  shown 
in  the  drawing  witli  a  probe  passing  into  its  depths.  These  pockets  terminate 
close  to  the  lateral  masses  of  the  cord  tissue  below,  and,  as  will  be  seen  later, 
they  are  lined  by  ependymal  cells.  Moreover,  at  the  point  B  in  the  diagram, 
where  the  cord  in  tlie  preserved  specimen  is  small  and  flattened,  section  shows 
that  its  walls  are  thin  and  fluted,  indicating  that  it  had  been  greatly  distended 
with  fluid.  Higher  up  in  the  normal  canal  tlie  cord  appears  flattened  in  an 
antero-posterior  direction,  and  here  also  gross  and  microscopic  section  shows 
that  there  has  been  collapse  of  a  large  interior  cavity.  This  and  other 
microscopical  observations  prove  that  the  secondary  sac  consists  of  a  cyst  of 
the  dorsal  part  of  the  cord,  surrounded  by  pia  and  adherent  to  the  sac  surface, 
and  it  is  so  represented  in  the  diagram. 

Distal  to  the  attachment  of  the  cord,  another  delicate  septum  extends  like  a 
veil  about  half  w^ay  through  the  depths  of  the  sac,  and  laterally  on  the  left  side 
(the  right  side  has  been  dissected  away)  is  anotlier  septum  which  terminates 
higher  in  the  sac  wall.  The  relationships  of  the  nerve-roots  to  these  septa 
show  that  the  medial  veil  is  pial  and  the  lateral  is  arachnoid. 

As  is  shown  in  the  drawing,  the  lower  part  of  the  sac  is  traversed  by  many 
nerve-roots.  These  lie  medial  to  the  arachnoid  septum  and  lateral  to  the 
pial  septum  mentioned,  and  are  more  or  less  entangled  in  delicate  tibi'ous 
trabecular,  which  bind  them  to  the  sac  wall.  The  last  roots  which  emerge 
from  the  well-formed  cord,  before  its  attachment  to  the  sac  roof,  are  the  fifth 
lumbar  roots,  and  of  these  the  anterior  radicles  come  from  the  cord,  and  the 
posterior  roots  from  the  sac  wall  where  it  is  adherent  to  the  posterior  cystic 
cord.  The  roots  below  these  are  fairly  large,  but  not  so  large  as  those  in  a 
normal  foetus  at  term.  They  are  divided  into  two  groups,  anterior  and  posterior 
which  unite  in  the  usual  manner  and  pass  into  foramina  in  the  floor  of  the 
sac.  They  do  not,  however,  appear  to  join  any  normal  cord  tissue  on  the  roof 
of  the  sac,  but  to  come  directly  from  tlie  sac  wall  at  a  point  below  the  demon- 
strable cord.  It  was  not  possible  to  dissect  these  after  they  became  adherent 
to  the  roof  of  the  sac,  as  they  are  fused  with  the  dense  tissue  of  its  dural  lining. 

The  arrangement  of  tlie  roots  above  the  lesion  is,  perhaps,  sufficiently  clear 
from  a  study  of  the  diagram  alone,  since  it  is  in  no  way  different  in  principle 
from  that  found  in  Cases  III  and  IV,  of  which  full  explanation  was  given. 

3Iicroscojncal  exawi nation  (figs.  18  and  19). — Sections  wei'e  made  at  the 
levels  indicated  in  fig.  17.  In  spite  of  the  age  of  the  specimen  the  staining 
with  iron-ligematoxylin  was  very  satisfactory,  thougli  the  other  stains  were 
not  successful.     The  only  serious  difficulty  was  that  the  tissues  were  so  friable 
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lliat  it  was  difiicult  to  cut  blocks  for  examination  without  tearing  the  sections. 
This  was  especially  true  of  the  dilated  cord  as  it  entered  the  sac.  In  the 
lemoval  of  the  riglit  myelocele  wall  the  pia  had  been  incised,  and  when 
Section  B  was  cut  its  walls  spread  into  a  long  thin  ribbon  of  tissue,  and  lost 
their  circular  conformation.  The  examination  of  the  sections  was,  as  a  whole, 
much  more  instructive  than  one  would  expect  after  so  long  a  time  in  pre- 
servatives. 

Section  A  (tig.  18). — Level  of  the  second  lumbar  vertebra,  above  the  lesion. 
The  foramina  through  which  the  nerve-roots  pass  indicate  that  this  is  the 
tirst  lumbar  segment  of  the  cord.  The  shape  of  the  section  is  fiat,  as  the 
result  of  the  escape  of  fluid  from  its  interior,  owing  to  tearing  of  the  pia.  The 
anterior  median  fissure  is  normal ;  in  the  posterior  median  line  a  small  fibi'ous 
sei)tum  composed  of  pia  extends  inwards  almost  to  the  central  canal,  from 
wliich  it  is  separated  by  a  glial  connnissure  connecting  the  two  halves  of  the 
cord.  In  sections  at  the  upper  part  of  this  block  of  tissue,  1  mm.  above 
the  section  photographed,  this  adventitious  pial  septum  disappears,  and  the 
liosterior  glial  septum  is  normal.  It  therefore  represents  tlie  beginning  of 
the  abnormal  adherence  between  the  posterior  wall  of  cord  and  the  meninges, 
which  is  so  mucli  more  intimate  lower  down.  The  central  canal  is  very  large 
and  flattened  antero-posteriorly,  due  to  the  escape  of  fluid.  Anterior  horn 
cells  ai-e  well  formed  though  few  in  number,  but  it  must  be  remembered  that 
the  cord  w^as  pulled  out  by  traction  from  the  sac  below,  so  that  the  cells  in  a 
given  section  would  be  less  numerous  than  when  the  tissue  was  normally  con- 
centrated ;  and  the  total  number  of  cells  in  each  segment  is  not  necessarily 
reduced.  In  certain  of  the  sections  from  this  area  anterior  nerve-roots  emerge 
in  the  region  indicated  in  the  photograph.  Posterior  liorn  cells  cannot  be  dis- 
tinguished ;  the  position  of  entering  posterior  root  fibres  is  shown.  Myelinated 
posterior  columns  are  present,  and  there  appears  to  be  a  sn)all  lateral  cerebro- 
spinal tract  and  a  number  of  other  myelinated  fibres,  some  of  which  may 
represent  descending  tracts.  They  are  not  sufficiently  well  differentiated  to 
name  them  with  accuracy  ;  probably  many  belong  to  the  fasciculi  proprii. 
The  median  part  of  the  posterior  column,  usually  occupied  by  the  long  fibres 
from  the  posterior  roots,  contains  less  myelinated  fibres  than  the  lateral  part. 
This  part  is  composed  of  the  lower  of  the  ascending  posterior  root  fibres, 
and  in  this  specimen  many  of  these  are  caught  in  the  meningeal  sac  and  never 
reach  the  cord.  Throughout  the  section  there  is  a  preponderance  of  glia  cells 
and  a  considerable  number  of  lymphocytes. 

Section  B  (fig.  18,  B)  : — Dilated  cord  just  below  its  entrance  into  the  sac. 
The  nerve  roots  which  originate  here  pass  into  tlie  fourth  lumbar  foramina, 
so  that  this  represents  the  fourth  lumbar  cord  segment.  The  cord  here  was 
contracted  into  a  flat,  narrow  band,  but  when  the  section  was  cut  it  stretched 
widely,  so  that  it  was  evident  that  it  had  been  greatly  distended  with  fluid. 
The  attempt  to  preserve  its  circular  form  was  a  failure  and  the  photograph 
shows  only  a  small  portion  of  the  anterior  region.  The  pia  over  all  the  section 
is  thickened,  and  posteriorly  it  blends  with  a  dense  dura-arachnoid,  the  layers 
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Fig.  18. — Case  V,  lumbo-sacral  cystic  hydromyelocele.  Photomicrographs  of  sections 
A  and  B  made  at  levels  indicated  iu  fig.  17.  Upper  section  is  from  a  normal  cervical  cord 
of  a  full  term  foetus  for  comparison,  under  the  same  magnification  as  other  photographs. 
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of  which  are  indistinguishahle  and  infiltrated  with  inflammatory  cells.  This 
dural  layer  blends  posteriorly  with  the  subcutaneous  fat  in  the  neck  of  the 
meningocele.  The  anterior  mid-line  is  indicated  by  a  short  prolongation  of 
the  pial  layer  inward  and  a  large  anterior  median  vein,  but  there  is  no  true 
anterior  median  septum.  Near  this  many  bundles  of  myelinated  nerve  fibres 
(anterior  roots)  are  found  lying  in  the  pia  whei'e  it  blends  with  the  dura  of 
the  sac.  Emerging  anterior  root  fibres  are  found  near  the  median  line,  but 
posterior  I'oots  could  not  be  seen  entering  the  cord.  Within  the  pia  there  is 
a  small  layer  of  nervous  tissue.  This  is  somewhat  thicker  near  the  anterior 
median  line,  and  in  this  region  there  is  a  diverticulum  from  the  general  cavity 
which  appears  to  be  imperfectly  lined  by  ependymal  cells.  On  either  side  of 
the  median  line  there  are  a  number  of  vacuolated  cells  with  pale  nuclei,  which 
possibly  may  be  anterior  horn  cells  which  have  undergone  degenerative  changes. 
No  other  nerve-cells  are  present ;  the  layer  of  tissue  is  an  indiscriminate 
mixture  of  partly  myelinated  fibres  and  neuroglia  with  a  few  small  vessels  and 
occasional  lymphocytes,  but  with  no  landmarks  by  which  one  can  recognize 
even  its  regions  with  accuracy.  Except  for  the  few  doubtful  ependymal  cells 
mentioned  above  the  central  cavity  is  without  definite  lining,  and  is  bounded 
by  the  degenerated  nervous  mass  which  has  been  described.  It  is  impossible 
from  this  section,  therefore,  to  say  whether  the  cyst  is  a  dilated  central  canal 
or  an  adventitious  cavity,  though  it  seems  probable  from  the  sections  above 
and  below  that  it  is  a  dilatation  of  the  centi'al  canal. 

Section  C  (fig.  19,  C). — Wall  of  sac  and  attached  end  of  the  cord,  with  the 
lateral  pocket  of  the  hydro-myelocele.  The  nerve-roots  from  this  portion  of 
the  cord  are  those  of  the  first  sacral  nerve,  indicating  that  this  represents 
the  first  sacral  segment  of  the  cord. 

The  surface  epithelium  is  fairly  thick  and  has  a  few  papillary  processes ; 
hair  follicles  and  skin  glands  are  lacking,  as  is  the  subcutaneous  fatty  layer. 
Beneath  the  epithelium  are  dense  bands  of  fibrous  tissue,  the  fibres  of  which 
run  t)'ansversely  to  the  long  axis  of  the  cord.  Below  this  fibrous  layer  is  a 
layer  of  looser,  more  delicate  connective  tissue,  considerably  infiltrated  with 
round  and  polynuclear  cells.  Latex'ally  this  layer  extends  about  5  mm.  from 
the  middle  line,  and  there  splits  into  two  leaves,  of  which  one  passes  laterally 
to  merge  with  the  dura-arachnoid  lining  of  the  sac.  The  other  passes  medially, 
and  with  the  corresponding  leaf  of  the  opposite  side  forms  a  sheath  for  the 
attached  end  of  the  cord.  The  whole  of  this  layer,  which  represents  pia,  is 
densely  infiltrated  with  inflammatory  cells.  At  the  middle  line  the  anterior 
layers  project  upwards  towards  the  roof  of  the  sac,  forming  an  imperfect 
anterior  median  fissure  in  which  the  pia  is  distinguished  by  its  great  vascu- 
larity. The  cord  tissue  enclosed  between  the  layers  of  this  pial  sheath  bears 
little  resemblance  to  normal  cord.  The  inflammatory  connective  tissue  which 
bridges  the  gap  between  anterior  median  septum  and  sac  roof  divides  the 
nervous  tissue  into  two  masses  ;  no  nervous  elements  can  be  recognized  con- 
necting these  across  the  median  line.  No  trace  of  central  canal  is  pi'esent.  In 
each  lateral  nervous  mass  certain  nervous  structures  can  be  determined.     The 
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photograph  (fig.  19,  C)  sliows  l)ut  one  lateral  lialf  and  a  very  small  portion  of 
the  other,  with  the  median  anterior  septal  mass  of  connective  tissue  already 
described.  It  will  he  seen  tliat  the  cord  is  not  rounded,  hut  is  represented  by 
a  flattened  band,  each  half  of  which  is  roughly  divided  into  two  regions.  In 
the  more  medial  of  tliese  anterior  horn  cells  normal  in  size  and  shape  are 
easily  recognized.  Lying  between  tliem  are  many  glia  cells,  and  many  fibro- 
blasts and  inflammatory  cells.  In  tlie  more  lateral  of  tlie  nervous  masses  no 
nerve  cells  can  be  distinguished,  the  mass  consisting  of  glia  infiltrated  with 
a  few  inflammatory  cells.  No  myelinated  fil)res  can  be  found  in  any  portion 
of  the  cord  tissue,  save  one  or  two  delicate  scattered  fibi'es  in  the  region 
of  tlie  anterior  horn  cells.  In  certain  of  the  sections  from  tliis  region  anterior 
root  fibres  emerge  in  the  position  indicated  in  the  photograph.  No  posterior 
root  fibres  can  be  found  entering  the  cord  tissue. 

Passing  laterally  to  the  outer  limit  of  the  posterior  region  of  the  cord  (i.e., 
the  lateral  glial  masses),  separated  from  these  by  the  fused  dura-arachnoid 
lining  the  interior  of  the  sac,  and  lying  near  the  integumentary  epithelium 
but  separated  from  it  by  connective  tissue,  is  the  lateral  pocket  of  the  dilated 
proximal  portion  of  cord.  (Cf.  fig.  17,  in  which  a  probe  is  passed  into  this 
pocket,  and  the  description  of  the  gross  findings.)  This  pocket  is  shown  in 
C-1  on  fig.  19.  It  is  lined  with  a  perfect  layer  of  ependymal  cells,  sur- 
rounded by  a  narrow  zone  of  glial  cells,  among  which  there  are  a  few  mye- 
linated fibres.  In  the  more  distal  sections  from  this  block  the  pocket  ends 
blindly  in  a  small  glial  mass  ;  it  never  makes  any  direct  connection  with  the 
lateral  cord  masses  at  this  level.  As  one  passes  caudalwards  from  the  end  of 
the  cord  the  sections  show  the  same  general  characteristics,  but  the  anterior 
horn  mass  becomes  less  definite,  and  the  latei'al  (posterior)  masses  are 
sepai'ated  into  smaller  portions  by  strands  of  connective  tissue.  They  spread 
also  more  laterally,  and  2  mm.  distal  to  the  section  shown  in  the  photograph 
are  so  attenuated  and  mingled  with  connective  tissue  that  little  neural 
character  remains. 

Section  D  (not  photographed). — Taken  5  mm.  below  the  level  of  the  block 
cut  for  Section  C,  through  the  wall  of  the  sac  where  cord  tissue  has  apparently 
blended  with  it. 

Here  there  are  a  few  imperfect  hair  follicles  and  sweat  glands  ;  no  sub- 
cutaneous fat  is  present.  The  tissue  below  the  epithelial  layer  is  denser  con- 
nective tissue  than  is  normal,  and  towards  the  interior  of  the  sac  it  blends 
with  the  dura  arachnoid  and  with  an  imperfectly  differentiated  pia,  between 
the  layers  of  which  are  nerve  bundles.  These  are  numerous  and  conspicuous, 
but  examination  shows  that  they  contain  but  few  myelinated  fibres  lying 
between  connective  tissue  and  inflammatory  cells.  The  apparent  large  size  of 
the  nerve  roots  seen  by  the  naked  eye  is  thei'efore  misleading.  A  small  glial 
mass  is  found  at  the  median  line,  but  this  contains  no  true  nerve  cells  nor 
central  canal.  The  surface  epithelium  immediately  above  this  glial  mass 
shows  an  unusually  deep  slender  papillary  process  of  elongated  spindle-shaped 
cells  ;  but  no  connection  between  this  and  the  glial  cord  mass  can  be  demon- 
strated, as  they  are  separated  by  bundles  of  connective  tissue. 
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General  Discussion  of  Cases  III,  IV,  and  V. 
The  points  of  interest  in  these  three  cases  are  discussed  together 
because  cHnically  and  anatomically  they  are  closely  allied. 

(1)  The  lesion  in  all  is  hnnbo-sacral  and  had  the  clinical  appearance 
of  a  pure  meningocele,  though  in  two  of  the  cases  ulceration  of  the  sac 
wall  might  have  led  to  a  suspicion  of  involvement  of  the  cord. 

(2)  In  each  the  cord  is  bound  to  the  wall  of  the  sac  by  the  segment 
corresponding  to  the  highest  vertebral  segment  which  is  cleft. 

(3)  The  collection  of  fluid  has  drawn  the  cord  above  the  proximal 
affected  segment  down  into  the  sac,  so  that  higher  segments  are  in- 
fluenced by  traction. 

(4)  Hydromyelia  in  cord  segments  above  the  lesion  is  present  in 
each  case,  extending  as  high  up  as  the  cord  was  removed  at  autopsy  in 
two  cases  and  as  high  as  it  could  be  observed  at  operation  in  the  case 
without  autopsy,  and  for  an  unknown  distance  above  this.  In  Case  V 
this  is  most  marked  and  is  complicated  by  the  adherence  of  the  intra- 
saccular  portion  of  the  cord  to  the  sac  wall,  causing  a  secondary 
myelocystocele. 

(5)  The  cord  at  the  level  of  the  point  of  attachment  in  each  case  is 
cut  off  from  both  ascending  and  descending  nervous  connections  by  the 
adherence  of  cord  tissue  and  nerve  roots  to  the  sac  wall,  so  that  even 
before  operative  interference  the  lesion  amounted  to  an  almost  complete 
transverse  lesion  of  the  cord  at  this  point. 

(6)  Segments  of  the  cord  lying  distal  to  the  segment  attached  to  the 
sac  are  imperfectly  developed  and  partly  destroyed  by  the  adherence  to 
sac  wall ;  and  there  is  evidence  to  show  that  they  have  never  been 
closed  but  represent  a  persistent  neural  groove  which  has  been  over- 
grown by  adhesions  and  integument. 

In  Case  IV  this  is  capable  of  direct  proof,  as  is  shown  in  fig.  14, 
Section  C,  where  partly  differentiated  epithelium  of  mixed  neural  and 
integumentary  character  is  found  on  its  external  surface.  In  Cases  III 
and  V  the  overgrowth  of  skin  epithelium  has  obscured  the  defect  to  a 
greater  extent,  but  the  lateral  spreading  of  the  nervous  tissue,  the 
absence  of  central  canal  and  the  position  of  nerve-roots  with  reference 
to  the  ribbon-like  band  of  cord  tissue,  indicate  that  in  these  cases  also 
the  initial  lesion  has  been  a  failure  of  closure  of  the  lower  sacral 
segments.  Later,  the  meningeal  layers  have  grown  over  the  defective 
cord,  and  to  a  less  marked  extent  over  the  open  medullary  ribbon  in 
Cases  I  and  II  ;  and  still  later  the  skin  epithelium  has  covered  the 
whole,   and   the  adhesions  so  formed  have  destroyed   any  vestiges    of 
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ependymal  cells  which  may  have  been  present.  It  has  already  been 
noted  that  in  complete  lesions  involving  the  whole  of  the  neural  tube 
(Case  II)  there  is  a  tendency  for  skin  to  grow  over  the  lower  part  of  the 
defective  area ;  the  tendency  of  the  skin  epithelium  even  in  the  adult 
body  toward  growth  is  clearly  shown  in  all  granulating  superficial 
wounds. 

The  accumulation  of  fluid  in  the  meningeal  part  of  the  sac  is  always 
in  these  cases  a  secondary  occurrence,  and  accounts  for  the  dragging  of 
the  normal  cord"  outwards.  The  accumulation  of  fluid  in  the  cord 
tissue  itself  is  a  result  of  its  abnormal  adhesion.  No  satisfactory 
explanation  of  the  collection  of  fluid  in  either  the  meningeal  or  the 
medullary  sacs  has  yet  been  given.  It  cannot  be  even  suggested  from 
a  study  of  these  cases  alone,  but  involves  the  consideration  of  the  whole 
subject  of  the  normal  production  and  absorption  of  cerebrospinal  fluid 
and  all  the  possible  abnormalities  thereof. 

Case  VI. 

Myelocele     rachischisis  completa  restricta  of  Class  3,  A. 

Specimen  No.  S02,  University  of  Texas  Patliological  Museum. 

The  specimen  is  of  a  full-term  white  female,  length  38'5  cm.  from  vertex 
to  coccyx.  The  external  appearance  is  normal  except  for  a  considerable  degree 
of  hydrocephalus  and  a  lumbo- sacral  spina  bifida.  The  head  had  been 
lacerated  to  promote  delivery,  and  there  are  forceps  marks  upon  the  thiglis. 
The  body  is  somewhat  degenerated,  but  tliere  is  no  evidence  that  death  had 
occurred  before  the  beginning  of  labour.  The  degeneration  appears  to  be  the 
result  of  imperfect  preservation,  as  the  body  had  evidently  been  allowed  to  dry, 
and  then  had  been  placed  whole  in  fixing  fluid  without  any  injection.  For  this 
reason  the  examination  is  in  some  respects  unsatisfactory. 

Dissection. — The  head  measures  49  cm.  in  circumference,  but  tliere  has 
been  some  collapse  which  cannot  be  accurately  estimated.  Tlie  brain  has 
been  entirely  destroyed  by  stuffing  the  cranial  cavity  with  cotton,  so  that  only 
a  small  irregular  mass  of  tissue  remains  at  the  base,  which  cannot  be  identified 
by  the  naked  eye,  and  its  preservation  is  such  that  microscopical  sections  are  of 
no  value.  The  exposure  of  the  vertebra3  from  behind  shows  that  all  the  cervical, 
all  the  thoracic,  and  the  first  three  lumbar  vertebrje  are  normal.  The  laminae 
of  the  fourth  lumbar  meet  in  the  median  line,  where  they  are  fused  by  a  car- 
tilaginous union,  but  they  do  not  possess  any  spinous  processes.  The  laminae 
of  the  fifth  lumbar  are  directed  towards  the  median  line,  but  are  separated 
from  each  other  by  a  space  of  7  mm.,  which  is  bridged  by  a  band  of  con- 
nective tissue.  The  sacral  laminae  flare  outward,  and  are  somewhat  smaller 
than  normal.     Tlie  coccyx  appears  to  be  normal. 

These  lower  vertebrje  from  tlie  fifth  lumbar  to  the  last  sacral  are  covered 
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externally  by  the    parchment  skin  of    the   myelocele,   of   which   the  external 
appearance  is  shown  in  fig.  20,  B.     It  will  be  described  in  detail  later. 

Dissection  of  the  spinal  cord  and  meninges  above  the  level  of  the  fifth 
lumbar  vertebra  shows  that  the  meningeal  layers  are  normal,  but  the  dural 
sheath  is  somewhat  collapsed,  the  epidural  space  being  occupied  by  a  gela- 
tinous exudate,  and  the  vascular  and  fatty  tissue  normally  found  here  is 
reduced  in  quantity.  The  spinal  ganglia  are  normal  in  size  and  position  in  all 
this  region  of  the  cord,  but  the  dural  sheaths  of  the  spinal  nerve  roots,  which 
should  incline  very  slightly  caudalward  in  the  lower  thoracic  and  lumbar  areas, 
have  a  transverse  direction.  On  opening  the  dura-arachnoid  the  cord  is  found 
to  be  soft  and  poorly  preserved,  so  that  only  with  great  care  in  handling  can 
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Fig.  20. — Case  VI,  lumbo-sacral  myelocele.     Dis-ection  of  right  side  of  myelocele. 
B,  external  appearance. 


the  nerve  roots  be  traced.  Those  roots  from  the  cervical  and  upper  ten 
thoracic  segments  are  normal  in  direction  (cf.  fig.  5,  B),  the  tenth  thoracic  roots 
arising  from  the  cord  at  the  level  of  the  body  of  the  ninth  thoracic  vertebra. 
From  this  point  they  tend  to  lose  their  downward  inclination,  and  present  the 
relationships  shown  in  fig.  20,  A,  that  is  the  eleventh  thoracic  roots  arise 
from  the  cord  at  the  level  of  the  tenth  vertebral  body  ;  the  twelfth  thoracic 
roots  from  that  at  the  level  of  the  eleventh  and  twelfth  vertebrae ;  the  first 
lumbar  roots  from  tlie  cord  at  the  level  of  the  first  lumbar  vertebra  :  the  second 
lumbar  from  the  cord  at  the  level  of  the  second  and  third  lumbar  vertebrae  ; 
and  the  third  lumbar  roots  from  the  level  of  the  third  and  fourth  lumbar 
vertebrae.     The  fourth  and  fiftli  will  be  considered   in  the   description  of  the 
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myelocele.  The  condition  of  tlie  cord  is  not  such  that  any  further  examina- 
tion can  he  made :  it  appears  to  he  considerahly  smaller  than  normal,  but 
definite  evidence  of  collapse  of  a  cystic  condition  remained. 

Myelocele. — The  parchment  skin  of  the  'myelocele  is  somewhat  wrinkled 
but  flat,  and  there  is  no  sign  of  a  pi-evious  distension  with  fluid.  It  measures 
3o  mm.  in  transverse  and  45  mm.  in  vertical  diameter,  and  extends  from  the 
level  of  the  fifth  lumbar  vertebra  to  that  of  the  fourth  sacral.  At  the  level 
of  the  fifth  sacral  in  the  median  line  the  skin  is  normal ;  a  small  tuft  of  fine 
hair  is  present  here,  hut  this  is  no  more  than  is  frequently  found  in  this  region 
in  normal  infants.  The  character  of  the  wall  of  tlie  myelocele  is  of  consider- 
able interest.  As  is  seen  in  the  drawing  (fig.  20,  B),  it  is  pyriform  with  the  apex 
directed  caudal  ward.  The  u])per  i)art  is  rather  sharply  marked  off  from  the 
surrounding  skin  by  a  groove,  which  disappears  in  the  lower  third  of  the 
'  pear."  Within  this  for  a  distance  of  12  mm.  at  the  broad  end,  and  10  mm. 
at  the  narrow  end  of  the  sac,  the  skin  (s)  is  normal  in  appearance,  except 
that  it  is  slightly  elevated  above  the  level  of  the  surrounding  skin.  Within 
this  there  is  an  irregular  zone  of  wrinkled  parcliment  skin,  delicate  in  texture, 
without  fatty  layer  ;  under  a  hand  lens  it  shows  fine  hair  and  pores.  At  the 
upper  part  of  the  sac  this  zone  (p)  is  blended  with  a  very  narrow  zone  of 
membrane  (m),  without  evidence  of  epithelial  covering,  i.e.,  a  meningeal  layer  ; 
but  at  the  lower  part  thei'e  is  no  such  zone.  Down  the  mid-line  of  the  sac 
lies  a  band  of  brown  tissue  (n)  which  has  the  appearance  of  being  covered  by 
dried  blood.  This  merges  above  and  below  into  the  skin  surface  of  the  peri- 
pheral zone  of  the  sac,  but  laterally  it  is  fused  with  the  meningeal  zone. 
The  specimen  had  become  dry  before  it  was  placed  in  preserving  fluid,  for  this 
band  of  tissue,  which  is  obviously  the  medullary  groove,  is  contracted  and 
hard,  but  there  is  no  degeneration  of  this  region  which  interferes  with  the 
dissection  of  the  lesion. 

Dissection  (fig.  20). — The  myelocele  was  surrounded  by  a  circular  incision 
and  the  skin  surrounding  it  dissected  up  witli  its  subcutaneous  layer  and 
turned  towards  the  median  line.  At  the  inner  margin  of  the  peripheral  zone 
of  the  skin  (fig.  20,  B)  the  subcutaneous  fatty  layer  disappears  and  a  meningeal 
sac  is  found.  The  limits  of  this  correspond  very  closely  with  the  outer 
border  of  the  flaring  sacral  laminae,  but  caudally  it  extends  no  lower  than  the 
fourth  sacral  vertebra.  On  cutting  through  the  lateral  margin  of  this  and 
reflecting  it,  the  dorsal  wall  of  the  sac  is  found  to  be  composed  of  a  fusion 
of  dura  and  arachnoid  with  surface  epithelium,  and  to  pass  medially  into 
the  medullary  ribbon.  The  ventral  wall  is  composed  of  dura  and  arachnoid, 
and  lies  in  contact  with  the  bodies  and  exposed  dorsal  surfaces  of  the  flaring 
laminae  of  the  sacral  vertebrae.  In  order  to  study  the  relationships  of  the 
medullary  ribbon  more  carefully,  the  bridge  of  connective  tissue  arching  the 
gap  between  the  fifth  lumbar  verebral  laminae  was  dissected  away  and  the 
pedicle  of  this  vertebra  cut  to  show  the  foramen  for  tlie  fifth  lumbar  nerve. 
The  flaring  laminae  and  spines  of  the  sacrum  were  also  removed,  exposing  the 
posterior  sacral  foramina. 
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At  the  level  of  the  fifth  lumbal'  vertebra  the  dural  layer  of  the  sac  passes 
under  the  fibrous  arch  into  the  spinal  canal.  The  opening  in  the  dura  was 
continued  from  the  sac  below  to  that  already  made  in  the  sheath  of  the  cord 
above,  exposing  the  spinal  cord  as  it  passes  from  the  canal  into  the  upper 
part  of  the  sac  roof,  where  it  becomes  continuous  with  the  medullary  ribbon. 
In  fig.  20  this  dissection  is  shown  on  the  right  side.  It  will  be  seen  in  the 
drawing  that  the  traction  of  the  reflected  area  of  the  sac  has  pulled  the  cord 
and  medullary  ri])bon  out  of  the  vertebral  groove  in  which  they  lay,  and 
the  length  of  the  closed  part  of  the  cord,  from  the  neck  of  the  sac  to  the 
roof,  is  somewhat  exaggerated.  The  fourth  lumbar  nerve  roots  arise  partly 
from  the  cord  in  relation  to  the  fourth  lumbar  vertebra  (above  the  sac) 
and  partly  from  the  closed  cord  as  it  passes  under  the  fifth  lumbar  fibrous 
arch  to  the  medullary  ribbon.  The  fifth  lumbar  root  arises  from  the  proximal 
part  of  the  medullary  ribbon  ;  its  ganglion  is  normally  situated.  The  roots 
of  the  upper  four  sacral  nerves  of  the  right  side  are  grouped  together  so 
closely  that  no  absolute  differentiation  between  individual  nerves,  nor  between 
anterior  and  posterior  roots  can  be  determined.  This  clump  of  fibres  passes 
through  the  dural  floor  of  the  myelocele,  and  into  an  elongated  mass  of 
nervous  tissue  enclosed  in  a  prolongation  of  the  dural  sheath,  lying  in  the 
groove  representing  the  open  sacral  canal.  From  this,  nerves  can  be  traced 
to  the  upper  four  posterior  sacral  foramina.  It  therefore  represents  the  upper 
four  sacral  ganglia  fused  into  one  mass.  Certain  of  the  proximal  radicles 
of  this  clump  appear  to  pass  medial  to  the  ganglionic  mass  and  directly  into 
the  anterior  foramina,  but  the  tissues  are  so  delicate  that  this  cannot  be 
definitely  proved  without  more  destruction  of  the  specimen  than  seems 
justifiable.  From  the  medullary  ribbon  distal  to  the  clump  of  roots  des- 
cribed, two  delicate  roots,  on  one  of  which  there  is  a  small  ganglionic  mass 
lying  within  the  dui'a,  pass  out  as  the  fifth  sacral  nerve.  Still  more  distally 
a  delicate  strand  passes  down  from  the  ribbon  ;  this  probably  represents  the 
coccygeal  nerve,  though  it  is  too  delicate  to  be  definitely  identified,  and  no 
ganglion  could  be  found  upon  it.  Distal  to  this  the  medullary  ribbon,  which 
has  narrowed  to  a  sharp  point,  passes  into  a  slender  fibrous  strand  and  by 
this  is  connected  witli  the  dural  floor  of  the  myelocele,  and  through  this  to 
the  coccyx  and  subcutaneous  tissue  over  it. 

On  the  left  side  the  condition  is  similar  except  that  the  first  sacral  root 
has  a  normal  ganglion,  and  anterior  and  posterior  radicles  can  l)e  differentiated  ; 
the  ganglia  of  the  second,  third  and  fourth  sacral  are  grouped  into  one  mass, 
as  on  the  right  side.  The  fifth  sacral  has  a  well-developed  ganglion  occupying 
its  normal  ])Osition  outside  the  spinal  sheath  of  dura.  It  should  be  mentioned 
that  there  is  some  doubt  as  to  the  ganglionic  character  of  tlie  intradural  mass 
on  the  right  fifth  sacral.  It  is  much  smaller  than  normal,  and  indeed  the  roots 
on  this  side  are  much  smaller  tlian  the  corresponding  roots  on  the  left  side ; 
and  very  close  to  the  medullary  ribbon.  There  was  no  other  ganglion  on  this 
nerve-root ;  for  various  reasons  no  section  of  this  minute  body  was  made. 

Microscopical  examination. — An  attempt  to  procure  material  for  examination 
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of  the  cord  above  the  lesion  was  an  absolute  failure.  The  tissue  was  so 
degenerated  that  nothing  could  be  done  with  it.  The  tissue  of  the  myelocele 
was  hard  hut  well  preserved,  as  was  the  ganglionic  mass.  The  sections  were 
taken  from  the  fifth  lumbar  and  first  sacral  segments  (fig.  20).  It  seemed  best 
not  to  destroy  the  sjiecimen  for  museum  purposes  and  therefore  no  serial 
sections  were  made  below  this  level. 

Section  A  (fig.  21,  A). — Just  below  the  attacliment  of  the  cord  to  the  roof 
of  the  myelocele,  representing  the  level  of  the  first  sacral  segment  of  the  cord. 
On  the  right  side  the  skin  surface  shows  many  sweat  glands  and  numerous 
small  hair  follicles  which  are  more  deeply  situated  than  normally.  This  zone 
of  skin  is  that  marked  "  n  "'  in  fig.  20,  B.  It  passes  rather  suddenly  into  a 
fibrous  layer  "m,"  apparently  meningeal,  hut  covered  by  a  thin  layer  of 
stratified  squamous  epithelium  which  has  no  papillae  nor  other  integumentary 
structures.  This  zone  in  turn  passes  medially  and  the  fibrous  layers  are 
fused  with  the  pia  which  lies  ventral  to  the  ribbon  cord.  The  layer  of 
surface  epithelium  ends  rather  abruptly  on  this  side  of  the  specimen  in  a  mass 
of  epithelial  and  blood  cells  which  separates  it  from  the  outlying  (posterior) 
portion  of  the  ribbon  cord.  One  small  mass  of  glia  is  found  in  the  fibrous 
tissue  just  lateral  to  this  haemorrhagic  area,  and  is  covered  by  the  surface 
epithelial  layer.  On  the  opposite  (left)  side  the  relations  are  somewhat 
different.  Tlie  surface  epithelium  passes  medially  over  the  outlying  area  of 
ribbon  cord  and  there  terminates  abruptly,  and  lateral  glial  masses  of  con- 
siderable size  are  found  beneath  the  epidermis,  separated  from  it  by  a  thin 
layer  of  fibrous  tissue  which  apparently  represents  corium.  Non-myelinated 
posterior  nerve-roots  approach  the  glial  masses  on  each  side;  on  the  right 
they  are  situated  just  beneath  the  haemorrhagic  zone  ;  on  tlie  left,  they  appear 
to  enter  the  cord  where  the  surface  epithelium  terminates. 

The  structure  of  the  medullary  ribbon  does  not  differ  materially  from  that 
of  the  ribbon  cord  in  Case  I.  Anterior  horn  cells  are  well  developed  ;  anterior 
nerve-roots  are  present  but  are  not  myelinated.  At  the  middle  line  there  is 
a  depression  corresponding  with  the  central  canal,  and  beneath  it  a  narrow 
anterior  commissure.  This  depression  and  the  surface  of  tlie  ribbon  con- 
tiguous to  it  are  covered  by  ependymal  cells.  The  anterior  white  matter  lies 
median  to  the  spreading  anterior  grey  horns.  All  of  this  region  of  the  medullary 
ribbon  is  cedematous,  and  there  are  great  numbers  of  small  blood-vessels 
coursing  through  it.  The  majority  of  these  are  in  definite  trabeculae  of  con- 
nective tissue.  Laterally  there  remains  but  little  evidence  of  the  posterior 
portion  of  the  cord,  except  the  glial  masses  already  noted  as  lying  lateral  to 
and  separated  from  the  main  medullary  tissue.  The  small  posterior  portion 
not  separated  from  the  main  ribbon  appears  to  be  made  up  of  glia  and  possibly 
nerve-fibres  without  any  evidence  of  posterior  horn  cells.  There  are  no 
myelinated  fibres  anywhere  in  the  section. 

The  sections  2  mm.  caudal  to  this  show  no  great  change  except  the 
gradual  decrease  in  the  number  of  anterior  horn  cells  and  the  increase  in 
the  vascular  invasion  of  the  cord  structure.     The  isolated  glial  masses  noted 
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\ 
in  tlie  hifihcr  sections  disappear  in  the  filn-ous  tissue.     Tlie  posterior  portion 
of  cord   is   therefore  represented   only  by  tlie  small  parts  of  the  ril)bon  cord 
lying  lateral  to  Ithe  motor  cell  group. 

Section  B  (fegs.  20  and  21,  B). — Section  of  the  fused  ganglionic  mass.  The 
structure  of  this  mass  is  typical  and  confirms  the  naked-eye  observation  that  it 
represents  fused  root  ganglia.  It  is  abnormal  only  in  the  fact  tiiat  the  nerve- 
fibres  are  non-mvelinated. 


Discussion  of  Case  VI. 

This  case  corresponds  in  many  features  with  the  preceding  cases  of 
restricted  lesion,  and  throws  light  on  certain  obscure  points  in  the 
interpretation  of  these. 

(1)  The  cord  is  bound  to  the  roof  of  the  sac  by  the  segment  corres- 
ponding to  the  highest  vertebra  that  is  cleft. 

(2)  There  is  no  excess  of  fluid  in  the  myelocele  or  meninges,  and  the 
direction  of  the  nerve  roots  above  the  lesion,  therefore,  is  influenced 
only  by  the  attachment  of  the  cord  ;  they  pass  to  their  foramina  at 
right  angles  to  the  long  axis  of  the  cord. 

(3)  Hydromyelia  and  hydrocephalus  are  associated,  indicating 
defective  development  of  the  entire  medullary  tube. 

(4)  The  neural  ectoderm  of  the  involved  segments,  which  is  spread 
open  in  the  form  of  a  groove,  is  partially  covered  by  epidermis  and  by 
connective  tissue,  so  that  the  lateral  part,  which  represents  the  posterior 
part  of  the  cord,  is  to  some  extent  separated  into  isolated  neuro-epithelial 
masses.  The  overgrowth  has  not  progressed  farther  than  the  outskirts 
of  the  ribbon,  so  that  the  original  groove  is  plainly  discernible.  In  the 
event  of  this  overgrowth  extending  farther  towards  the  median  line, 
however,  the  resulting  condition  would  be  entirely  similar  to  that  found 
in  the  preceding  cases.  There  is  in  this  case,  therefore,  very  strong 
evidence  supporting  the  belief  that  the  band-like  cord  substance  in 
Cases  III,  IV  and  V  represents  open  cord  segments,  and  that  the 
failure  of  the  medullary  tube  to  close  is  the  primary  lesion  in  these 
restricted  defects  as  in  the  more  extensive. 

(5)  The  spinal  ganglia  are  affected  by  the  medullary  defect,  since 
they  form  a  fused  mass  in  certain  of  the  segments.  The  defect  in 
their  development  has  not,  however,  either  caused  or  been  caused  by 
defect  in  the  corresponding  vertebral  segments,  since  these  are  seg- 
mentally  normal  even   though    they  are    incompletely  fused    dorsally. 
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Case  VII. 

Meningocele — rachischisis  incompleta  restricta  of  Class  1,  B. 

History. — -D.  M.,  female,  aged  11  months,  John  Sealy  Hospital. 

No  family  history  of  deformity  nor  nervous  lesion.  Child  is  healthy  and 
well-developed  except  for  the  presence  of  a  lumbo-sacral  tumour.  Control  of 
bladder  and  bowels  appears  to  be  normal.  Baby  presents  a  small  congenital 
tumour  covered  by  parchment  skin,  about  li  in.  in  diameter,  occupying  the 
sacral  region.     It  is  tense,  its  surface  is  unbroken,  and  is  slightly  painful  on 
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Fig.  22— Case  VII,  meningocele.     Posterior  surface  of  cord  shown  as  seen  at  operation. 
No  facts  available  regarding  nerve  roots. 


pressure.  Operation,  by  Dr.  J.  E.  Tliompson,  September  18,  1918,  ether 
anaesthesia.  Transverse  incision  made  al)Ove  and  below  tumour,  and  outer 
parchment  skin  dissected  up,  opening  the  sac.  Within  tlie  parchment  sac  two 
others  were  found,  lying  one  inside  the  other,  as  represented  in  fig.  22.  The 
wall  of  the  second  sac  was  very  thick  and  shining,  and  was  thought  at  the  time 
of  operation  to  represent  dura  :  fluid  witlidrawn  from  this  sac  gave  a  positive 
"  glucose  reduction."  The  third  sac  also  contained  fluid,  but  this  was  not 
tested  for  reduction.  It  was  thinner  and  liad  at  its  upper  end  a  small  mass  of 
spinal  cord  tissue.     This  sac  was  typical  pia,  but  slightly  thicker  than  usual. 
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It  was  opened  and  its  walls  sutured  aver  the  cord  (not  cauda  equina  alone) 
which  was  found  to  lie  inside  it  ;  the  portion  of  cord  lying  in  its  proximal 
portion  was  not  disturhed.  The  second  sac,  which  was  thought  to  be  dural, 
was  partly  dissected  away,  and  its  edges  sutured  :  and  the  parchment  skin  of 
the  external  sac  was  removed  until  normal  skin  was  reached  and  this  was 
finally  sutured.  Convalescence  was  ideal,  and  the  baby  was  dismissed  from 
the  hospital,  September  2G.  Later  history  :  February,  1921,  the  mother 
reports  that  the  child's  general  health  is  good  and  that  she  is  bright  mentally. 
She  began  to  walk  at  the  age  of  18  months  ;  at  first  she  had  a  tendency  to 
"  turn  the  feet  in,"  but  this  is  improving.  She  has  very  good  control  of  the 
bladder,  but  not  of  the  bowels. 

Discussion  of  case. — Unfortunately  this  case  occurred  before  the  writer's 
interest  in  spina  bifida  had  been  awakened,  and  the  small  portions  of  the 
meningeal  sacs  which  had  been  dissected  away  in  the  operation  were  not  pre- 
served. The  diagram  shown  in  fig.  22  is  reconstructed  from  a  drawing  of  the  sac 
layers  made  at  the  time  of  the  operation.  In  the  light  of  the  conditions  in 
other  cases  it  is  probable  tliat  the  sac  thought  at  operation  to  be  dural  was  a 
thickened  arachnoid  sac,  and  that  the  inner  sac  was  composed  of  the  outer 
layer  of  the  pia.  The  outer  parchment  skin  was  lined  by  a  glistening  mem- 
brane and  filled  with  clear  fluid,  and  this  doubtless  represented  the  fused 
integument  and  dura,  as  in  other  specimens  described.  The  thickening  of  the 
arachnoid  of  the  inner  sac,  which  led  to  the  misconception  at  the  time  of 
operation,  is  entirely  in  accordance  with  observations  on  Case  IV,  in  which  a 
partial  transverse  septum  of  arachnoid  is  found.  The  position  of  cord  tissue  in 
relation  to  the  upper  part  of  the  innermost  sac  clearly  indicates  that  this  is  pial. 
The  drawing  has  been  labelled  according  to  this  interpretation  in  preference  to 
that  made  at  the  time  of  operation. 

The  feature  of  peculiar  interest  in  this  case  is  the  presence  of  cord  tissue  in 
the  floor  of  the  upper  part  of  this  sac.  The  nervous  tissue  observed  was 
spinal  medulla  and  not  the  nerve  roots  of  the  cauda  equina.  It  is  obvious 
that  no  detailed  examination  of  this  nor  of  the  cauda  equina  could  be  made. 
This  much,  however,  was  discovered,  that  the  cord  extended  as  far  as  the 
floor  of  the  meningocele,  i.e.,  as  low  down  as  the  fifth  lumbar  vertebra,  though 
it  should  end  at  the  second.  This  indicates  that  in  this  case,  in  which  appar- 
ently no  structures  except  the  meninges  (mesoderm)  were  involved,  there 
was  at  some  time  in  the  development  adherence  of  ectoderm  sufficient  to  bind 
the  neural  tuV)e  down  in  the  vertebral  canal.  This  is  a  feature  of  many  of  the 
"  simple  meningoceles  "  which  has  not  x'eceived  due  consideration  in  the  study 
of  operative  results,  and  accounts  no  doubt  for  the  frequent  lack  of  control  of 
bladder  and  bowels  in  these  patients. 

General  Considerations. 

With  a  study  of  specific  cases  in  mind,  the  review  of  the  literature 
and  especially  the  clinical  literature  can         -->ore  readily  appreciated. 
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For  this  reason  all  statistical  and  practical  considerations  have  been 
deferred  to  this  place.  Neither  time  nor  opportunity  has  sufficed  for 
a  complete  study  of  all  the  available  writings  on  the  subject,  yet  it  is 
hoped  that  this  survey,  in  spite  of  its  incompleteness,  will  not  be  without 
value.  All  matters  which  do  not  have  a  direct  bearing  on  the  anato- 
mical study  presented  have  been  omitted. 

Statistical  Summary. 

Frequency. — The  Keport  of  the  Committee  on  Spina  Bifida  of  the 
London  Clinical  Society,  presented  to  the  Society  in  1885,  cites  the 
following  frequency  statistics:  "Dr.  Demme  found  57  cases  of  spina 
bifida  in  36,148  children ;  Chaussier  records  22  cases  among  22,293 
children  in  the  Paris  Maternite."  Harrar,  in  1916,  found  59  cases  of 
spina  bifida  in  91,600  births  in  the  Lying-in  Hospital  in  New  York. 
Grouping  these  figures  we  have  an  incidence  of  1  in  900  births. 
Joseph  gives  the  frequency  of  "spina  bifida  with  tumour"  as  1  in 
1,000  births.  Both  these  percentages  omit  the  cases  of  spina  bifida 
occulta,  since  these  are  not  discoverable  in  the  infant  except  in  very 
rare  cases.  S.  N.  Clark  gives  the  percentage  of  spina  bifida  occulta  as 
5  per  cent,  of  all  cases,  but  he  evidently  refers  to  cases  giving  rise  to 
nervous  symptoms.  The  mild  varieties  in  which  cleft  of  the  laminae  or 
of  the  spines  alone  occurs  without  symptoms  of  pressure  on  the  cord 
are  fairly  frequently  encountered  in  the  dissecting  room.  No  facts 
regarding  the  percentage  of  all  cases  which  are  sufficiently  limited  to 
be  of  surgical  importance  are  available. 

Locality. — In  385  operative  cases  treated  by  excision,  collected  by 
J.  E.  Moore  in  1905,  the  locality  is  given  as  follows  :  23  per  cent, 
sacral ;  34  per  cent,  lumbar ;  24  per  cent,  lumbo-sacral ;  42  per  cent, 
thoracic ;  9^  per  cent,  cervical ;  two  cases  were  occipital.  This  repre- 
sents the  localization  of  the  restricted  (operable)  variety  of  lesion  only, 
but  it  is  in  such  cases  that  locality  is  of  practical  importance. 

Ty2)e  of  restricted  lesions. — Unfortunately  Moore  does  not  give  the 
percentages  of  different  types  of  tumour  encountered  in  his  collection ; 
doubtless  in  many  of  the  cases  he  collected  there  was  no  specific  infor- 
mation regarding  this  feature.  Fenner  places  meningoceles  at  10  per 
cent,  and  meningo-myeloceles  at  70  per  cent,  to  80  per  cent,  of  the 
cases.  In  a  total  of  170  cases  in  which  accurate  anatomical  data  are 
given,  collected  by  the  writer  from  the  literature  cited  in  the  bibhography 
appended  to  this  paper,  the  percentage  is  as  follows :  7  cases  (41  per 
cent.)    spina  bifida  occulta   (with  symptoms);  4   cases    (2"3  per  cent.) 
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'*  meningoceles  with  adherent  caiida. equina  ';  36  cases  (21' 1  per  cent.) 
pure  meningoceles;  1 '20  cases  (70  6  percent.)  myelo-meningoceles;  and 
3  cases  (17  per  cent.)  syringo-myelo-nieningoceles.  As  the  meningo- 
celes only  in  this  series  presented  no  nervous  lesion,  this  indicates 
that  78  per  cent,  of  all  restricted  cases  involve  the  cord  or  its  nerve- 
roots  to  some  extent.  From  the  point  of  view  of  operability  and  func- 
tional result  this  is  a  matter  of  prime  importance. 

Coynplications. — In  non-viable  cases  unassociated  anomalies — hare- 
lip, ectopia  vesicae,  non-paralytic  club-foot  and  other  more  widespread 
abnormalities — are  very  common.  In  viable  cases  they  are  less  frequent, 
but  still  sufficiently  so  to  call  for  comment. 

Nervous  complications  are  of  even  greater  frequency.  Among  359 
cases  collected  by  the  London  Clinical  Society,  in  which  the  complications 
are  stated,  46  had  hydrocephalus.  These  are  cases  in  which  the  patients 
had  restricted  lesions.  Harrar  in  the  records  of  68  cases  in  the  Lying- 
in  Hospital  found  23  cases  of  primary  hydrocephalus  and  10  developing 
hydrocephalus  following  operation.  The  greater  number  which  he 
found  are  doubtless  due  to  the  fact  that  his  records  include  all  cases 
observed,  whether  viable  or  not. 

No  facts  regarding  the  incidence  of  hydromyelia  are  available.  From 
my  own  very  limited  experience  it  appears  to  occur  in  a  high  percentage 
of  those  cases  in  which  the  cord  is  involved  in  the  lesion,  whether  there 
be  hydrocephalus  or  not.  Thus  in  Cases  I  and  VI  there  was  hydro- 
cephalus and  hydromyelia  above  the  open  cord  segments ;  in  Cases  III, 
IV  and  V  there  was  hydromyelia  without  hydrocephalus.  Information 
regarding  the  condition  of  the  cord  in  the  single  case  of  menmgocele 
reported  (Case  VII)  is  necessarily  lacking.  The  small  proportion  of 
restricted  cases  which  show  sufficient  dilatation  of  the  cord  to  fall  into 
the  class  of  syringo-  (or  hydro-)  myelo-meningocele,  represents,  there- 
ore,  only  an  exaggeration  of  a  fairly  frequent  condition.  Further  inves- 
tigation along  this  line  is  urgently  needed.  Post-mortem  examination 
18  not  always  essential  to  this,  since  careful  examination  of  the  cut  end  of 
the  cord  at  the  time  of  operation  on  cases  with  attached  cord  will  reveal 
any  considerable  dilatation  which  may  be  present,  and  while  the  extent 
of  this  lesion  upward  may  remain  uncertain,  it  appears  to  be  practically 
certain  that  a  dilatation  which  is  plainly  visible  at  this  point  involves 
a  considerable  number  of  segments  above.  All  cases  in  which  complete 
autopsy  findings  can  be  obtained  should  be  investigated  with  reference 
to  this  feature. 

Paralyses  of  the  sphincters   or   of   the   legs,  and  loss  of   sensation 
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over  areas  supplied  by  nerves  involved  in  the  lesion,  are  encountered 
in  the  exact  proportion  in  which  one  finds  involvement  of  the  cord  in 
the  lesion,  and  are  a  direct  result  rather  than  a  complication  of  the 
disease. 

Course  of  the  disease. — A  large  proportion  of  untreated  cases  die 
within  a  few  months.  Thus  of  649  deaths  due  to  spina  bifida,  occur- 
ring in  England  in  the  year  1882,  most  of  them  in  untreated  patients, 
612  were  in  the  first  year  of  life.  Of  68  cases  reviewed  by  Harrar  (59 
born  in  the  Lying-in  Hospital  and  9  others  sent  in  for  operation) 
7  were  stillborn,  and  29  died  untreated  within  a  few  weeks.  The 
other  cases  of  his  series  were  submitted  to  operation.  Of  49  fatal 
cases  of  untreated  restricted  lesion  collected  by  the  writer,  in  which 
the  cause  of  death  is  definitely  stated,  14  died  of  marasmus,  7  of 
intercurrent  infection,  2  of  hydrocephalus,  23  of  rupture  of  the  sac,  3  of 
convulsious  (i.e.,  meningitis).  Accurate  statistics  of  such  untreated 
cases  are  very  hard  to  obtain  since  untreated  cases  are  but  rarely 
recorded.  In  but  a  very  small  proportion  even  of  the  mild  defects  is 
there  hope  of  recovery  without  operative  interference,  yet  in  a  few  of 
the  less  severe  cases  spontaneous  cure  occurs.  In  the  60  untreated 
cases  recorded  by  the  London  Clinical  Society,  14  cases  (23'3  per  cent.) 
were  cured  in  the  following  manner :  in  eight  there  was  a  gradual 
shrinkage  of  the  sac ;  in  one  it  ulcerated  and  oozed  for  some  time ;  in 
four  it  burst  and  later  shrank  away.  The  shrinkage  of  small  tumours 
in  this  way  probably  accounts  for  a  certain  number  of  cases  of  spina 
bifida  occulta,  while  others  may  be  accounted  for  by  a  similar  reduction 
of  the  tumour  in  intra-uterine  life. 

Operative  mortality. — In  Moore's  series  there  was  27  per  cent 
primary  mortality,  with  an  additional  7  per  cent,  within  three  months 
after  operation,  bringing  the  total  to  34  per  cent.  When  one  considers 
that  the  cases  which  are  operated  upon  are  all  selected  cases,  this 
primary  mortality  is  exceedingly  high;  moreover,  a  secondary  mortality 
is  to  be  expected,  apart  from  operative  interference.  jMoore  considers 
that  "  if  all  cases  had  been  followed  and  reported,  the  probability  is 
that  the  mortality  at  the  time  of,  and  a  few  months  subsequent  to, 
operation  would  be  fully  50  per  cent."  In  view  of  this  he  considers 
that  operative  interference  in  children  under  5  years  of  age  is  scarcely 
worth  while,  since  it  appears  neither  to  reduce  the  natural  death-rate 
nor  to  be  attended  by  great  functional  success.  On  the  other  hand  he 
takes  the  position  that  children  who  have  survived  to  that  age  may  be 
submitted  to  the  risk  of  operation. 

BUAIN. — vol.    XLV.  7 
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As  opposed  to  this  view  there  is  the  great  danger  already  alluded  to, 
of  rupture  and  ulceration  of  the  sac.  In  117  untreated  cases  collected 
from  the  appended  bibliography,  rupture  of  the  sac  occurred  27  times. 
In  07  of  these  cases  in  which  the  character  of  the  sac  is  recorded,  there 
was  ulceration  in  24.  In  the  five  restricted  cases  considered  in  this 
re[)ort,  there  was  rupture  in  one,  ;^ross  ulceration  of  the  sac  in  two,  and 
microscopical  evidence  of  inflammation  in  the  shape  of  polynuclear  and 
round  cell  infiltration  in  four.  One  sac  was  not  examined  micro- 
scopically. In  the  case  in  which  Morton's  fluid  was  used  death 
occurred  immediately  upon  the  injection,  so  that  the  inflammatory 
exudate  was  present  prior  to  this  treatment.  Harmer  found  ulceration 
in  647  per  cent,  of  his  84  cases.  He  further  points  out  that  he  has 
found  rupture  of  the  sac  in  patients  a  few  hours  old,  and  suggests  very 
early  operation  because  of  this  danger  and  that  of  ulceration  with 
subsequent  meningitis.  In  view  of  the  fact  that  few  untreated  cases 
are  recorded  it  seems  probable  that  these  complications  occur  even  more 
frequently  than  the  figures  would  lead  one  to  suspect.  The  primary 
operative  mortality,  so  largely  due  to  infection,  might  be  materially 
decreased  by  very  early  operation,  even  though  the  secondary  mortality, 
which  depends  mainly  upon  hydrocephalus  and  marasmus,  be  corres- 
pondingly increased.  There  appears  to  be  no  reason  to  consider  that 
operation  increases  the  percentage  of  hydrocephalus,  in  view  of  the  large 
percentage  occurring  without  interference  and  the  number  of  cases 
that  are  accompanied  by  hydromyelia.  It  must  be  borne  in  mind  in 
considering  this  that  the  majority  of  successfully  operated  cases  (i.e., 
those  which  do  not  succumb  to  the  immediate  effects  of  operation,  as 
shock,  infection,  &c.)  live  longer  than  do  untreated  cases,  and  therefore 
a  higher  percentage  die  of  hydrocephalus  which  would  otherwise  have 
died  of  the  meningocele  itself  (rupture,  meningitis,  &c.).  Many 
surgeons,  however,  recognizing  the  high  incidence  of  hydrocephalus, 
prefer  to  wait  some  months  for  its  development  before  undertaking  an 
operation  which  they  feel  may  be  useless. 

Theoretical  Considerations  regarding  Surgical  Procedure. 

Ojyerabilit!/. — The  question  of  operation  upon  cases  with  associated 
hydrocephalus,  paralyses,  &c.,  must  remain  largely  a  matter  of  indi- 
vidual opinion.  It  is  purely  from  the  point  of  view  of  the  anatomical 
facts  that  I  propose  to  discuss  it.  There  can  be  no  doubt  that  pure 
meningoceles  should  be  operated  upon,  and  in  view  of  the  possibility  of 
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ulceration  or  rupture  of  the  sac  they  should  be  treated  early.  Moreover, 
shock  is  almost  certainly  less  in  operations  upon  the  spinal  cord  of 
young  infants  than  in  older  children.  Spontaneous  cure  is  not  to  be 
expected  in  the  great  majority  of  cases,  and  the  risks  run  by  awaiting  it 
are  too  great.  In  the  cases  in  which  there  is  some  doubt  as  to  the 
presence  of  nerve  elements  in  the  sac,  evidences  of  paralyses,  especially 
of  sphincters,  and  anaesthesia  round  the  anal  margin  or  on  the  back  of 
the  thighs,  are  of  value.  Ulceration  of  the  sac  wall,  a  thickened  band 
down  the  middle  of  a  thin  sac  wall,  and  a  vascular  granulating  surface 
with  umbilication,  are  valuable  diagnostic  indications  of  adherence  of  the 
cord.  The  presence  of  skin  covering  the  whole  of  the  sac  does  not  rule 
out  myelocele.  It  must  be  borne  in  mind  that  meningoceles  are  in- 
frequent and  myelomeningoceles  frequent,  but  that  but  few  meningo- 
celes have  broad  bases.  Transillumination  of  the  sac  has  been  suggested 
for  finding  the  presence  of  nerve  roots,  but  it  seems  possible  that  this 
might  lead  to  error,  as  adventitious  meningeal  adhesions  sometimes 
occur.  In  contemplating  operation  on  those  cases  in  which  cord  is 
known  or  suspected  to  be  present,  one  should  consider  that  in  this 
type  spontaneous  cure  is  practically  never  attained  ;  that  ulceration  is 
exceedingly  frequent  and  meningitis  therefore  the  almost  inevitable  out- 
come ;  that  not  only  is  the  cord  below  its  attachment  to  the  sac  practi- 
cally useless,  but  the  attachment  is  dragging  upon  the  relatively  normal 
cord  above  and  jeopardizing  its  function.  This  is  a  matter  which  has 
not  been  given  due  weight  in  considering  the  advisability  of  operating 
in  this  type  of  case,  though  the  traction  on  the  cord  has  been  recognized 
by  all  careful  investigators,  as  is  shown  in  the  diagrams  of  my  cases. 
Damage  already  done  cannot  be  repaired  by  relief  of  tension,  but  at  least 
the  conditions  can  be  rendered  more  nearly  normal  for  the  further 
development  which  goes  on  after  birth. 

Methods  of  treating  tlic  sac. — Stress  has  always  been  laid  upon  the 
careful  dissection  of  nerve  roots  from  the  sac  wall,  and  rightly  so,  if 
they  be  attached  to  a  relatively  normal  cord.  Many  observers,  however, 
have  recognized  that  the  nerves  were  inseparably  bound  to  the  wall  of 
the  sac  and  have  failed  to  realize  the  true  significance  of  this.  They 
have  not  seen  in  the  thickened  band  of  sac  roof,  to  which  nerve  roots 
pass,  the  malformed,  practically  useless  segments  of  the  cord  without 
which  the  nerve  radicles  are  valueless,  and  have  dissected  free  roots  that 
could  serve  no  purpose.  La  Ferte  and  others,  recognizing  the  impor- 
tance of  preserving  the  cord,  have  attempted  to  turn  in  the  portion  of 
sac  wall  to  which  it  is  attached,  with  the  result  that  meningitis  has 
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followed  with  great  frequency.  When  one  considers  that  it  is  almost 
impossible  to  dissect  free  any  of  this  attached  part  of  cord,  and  that 
inevitably  one  must  leave  some  skin  with  it  if  one  preserves  all  the 
nervous  elements,  the  avoidance  of  meningitis  becomes  practically 
impossible.  Nor  does  it  appear  to  be  wise  to  make  this  attempt  in  view 
of  other  matters.  The  cord  segments  distal  to  the  point  of  attachment 
to  the  sac  roof,  as  shown  in  this  report  and  in  other  similar  cases 
reported  by  previous  investigators,  are  so  poorly  developed  and  so 
damaged  by  inflammation  and  epidermal  overgrowth,  that  they  are 
practically  functionless  ;  this  can  be  demonstrated  histologically  and  by 
the  neurological  examination  of  the  regions  normally  supplied  by  them. 
There  is,  therefore,  nothing  to  be  gained  by  their  preservation.  All 
that  can  be  hoped  for  is  that  the  segments  above  the  cord  lesion  may  be 
so  far  as  possible  preserved  from  further  harm.  To  accomplish  this  the 
end  of  the  cord  must  ])e  cut  free  and  allowed  to  slip  up  into  the  canal. 
An  adherent  plug  of  sac  wall  left  by  the  operator  is  comparable 
anatomically  to  the  adhesion  of  skin  or  fibrous  tissue  to  the  cord  found 
in  spina  bifida  occulta.  Theoretically  at  least  delayed  traction  or 
pressure  symptoms  may  be  expected  here  as  in  the  primarily  occult 
cases.  Nor  can  one  overlook  the  danger  of  an  inclusion  dermoid 
developing  from  the  buried  epithelial  cells  of  the  sac  wall.  This  is 
especially  the  case  where  skin  covers  or  almost  covers  the  whole  of  the 
roof  of  the  sac,  for  in  such  cases  deep  skin  glands  may  lie  in  almost 
direct  contact  with  the  lateral  parts  of  the  cord  tissue.  These  delayed 
efifects  are  not  ordinarily  reported,  because  but  few  cases  where 
the  patient  survives  to  adolescence  report  to  the  surgeon  who  has 
operated,  and  this  is  probably  particularly  true  of  the  cases  with  new 
symptoms.  Such  patients,  dissatisfied  with  the  result  of  the  first  treat- 
ment, are  likely  to  seek  some  other  surgeon  who  is  ignorant  of  the 
precise  anatomical  state  and  method  of  procedure  at  the  primary  opera- 
tion. It  is  difficult  to  trace  successful  cases  after  a  number  of  years 
have  elapsed  ;  it  is  even  more  difficult  to  trace  failures.  In  the  light 
of  the  anatomical  condition  in  cases  with  attached  cord,  therefore, 
the  rational  procedure  is  to  cut  free  the  cord  as  close  to  sac  wall  as  is 
possible  without  leaving  any  attached  inflammatory  or  surface  epithelium, 
and  to  injure  as  little  as  possible  by  ligature  or  by  handling  the  end  of 
this  normal  cord  and  the  nerve  roots  attached  to  it.  From  purely 
theoretical  reasons  it  would  appear  to  be  preferable  to  ligate  the 
anterior  median  vessels  with  very  fine  ligatures  without  including  the 
entire  cord,  since  compression  of  the  cord  within  the  pia  must  pulp 
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a  considerable  portion  of  it.  Exceedingly  delicate  ligatures  and  a  very 
fine  needle  should  be  used  for  this,  and  the  ligatures  used  as  tractors  to 
steady  the  cord  while  it  was  being  freed  from  the  sac  wall.  With  a 
view  to  preserving  as  much  as  possible  of  the  healthy  cord  the  line  of 
section  should  be  made  parallel  with  the  sac  roof  and  not  transversely 
across  the  cord. 

Attention  must  also  be  directed  to  the  nerve  radicles  which  arise 
from  the  intra-cystic  portion  of  the  cord.  Nerve  roots  in  connection 
with  the  stretched  segments  within  the  sac  run  in  contact  with  the 
cord  until  they  reach  the  roof  of  the  sac.  To  this  they  are  adherent, 
and  from  this  course  back  freely  through  the  sac  to  their  foramina. 
This  fact  is  demonstrated  in  Cases  III,  IV  and  V.  The  difficulty 
in  recognizing  them  is  caused  by  their  abnormal  direction  and  adher- 
ence to  the  sac,  so  that  they  appear  to  arise  from  the  involved  segments 
of  the  cord  in  the  sac  wall.  If  the  intra-cystic  portion  of  the  cord  is 
carefully  examined  these  roots  may  be  traced  from  their  origin  and 
should  then  be  carefully  freed  from  the  sac  wall  before  the  cord  is  cut 
free.  If  the  anatomical  relations  are  kept  clearly  in  mind  the  recog- 
nition and  dissection  of  these  roots  should  not  be  impossible  under  the 
conditions  of  operation.  The  increase  in  paralysis  after  operation, 
often  encountered  in  this  type  of  case,  is  probably  in  many  instances 
due  to  section  of  these  radicles,  and  not  to  the  section  of  radicles  which 
arise  from  the  segments  of  cord  which  are  adherent  to  the  sac  wall. 

Post-operative  recovery. — Except  in  the  cases  of  spina  bifida  occulta 
with  pressure  symptoms,  and  in  a  small  number  of  meningoceles  in 
which  there  is  adherence  or  traction  of  the  nerve  roots  but  no  lesion  of 
the  cord,  no  improvement  in  function  is  to  be  expected  as  the  result  of 
operation.  \Yhat  may  be  hoped  for  is  that  the  function  of  segments 
above  the  lesion  will  not  be  subjected  to  further  impairment  by  the 
traction  of  fluid  or  the  presence  of  inflammation.  In  but  few  cases 
even  of  pure  meningocele  is  there  perfect  function  of  the  sphincters. 
This  leads  one  to  suspect  some  cord  involvement,  perhaps  only  to  the 
extent  that  the  closed  cord  is  drav.n  down  out  of  its  normal  level  into 
the  floor  of  the  sac.  This  probably  indicates,  as  noted  in  the  description 
of  Case  VII,  that  the  initial  lesion  was  in  the  neural  ectoderm  and  that 
the  development  of  the  lower  segments  of  the  cord  was  interfered  with 
to  some  extent.  In  operating  upon  these  cases,  therefore,  one  must  be 
prepared  for  some  loss  of  function  of  the  sphincters,  and  must  remember 
the  great  difliculty  of  determining  this  accurately  in  the  very  young 
infant.       It   appears    to    be    practically    impossible    in  many    cases   to 
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determine  without  undue  risk  to  the  patient  whether  the  nervous  tissue 
lying  in  the  floor  of  the  sac  is  the  cauda  equina,  as  it  should  be  in  a 
lumbo-sacral  tumour,  or  the  end  of  the  cord  itself.  Nevertheless,  this 
should  be  determined  as  nearly  as  possible,  and  where  there  is  any 
doubt  in  the  matter  this  doubt  should  be  stated  definitely  in  the  notes. 
After  reading  many  case  reports  in  which  cord  and  nerve  radicles  were 
said  to  be  absent  from  the  sac,  and  yet  there  was  incontinence  of  urine 
and  fai-ces  either  before  or  after  operation,  one  cannot  help  feeling  that 
some  uncertainty  existed  at  the  time  the  observations  were  made.  This 
is  a  matter  of  considerable  importance  for  the  surgeon,  since  the  opera- 
tion which  is  followed  by  incontinence  where  none  has  been  predicted 
is  distressing,  and  leads  the  parents  to  blame  the  operator  though  he 
may  not  be  at  fault. 

Where  there  is  paralysis  of  the  legs,  it  may  be  taken  to  indicate 
almost  certainly  that  there  is  an  adherent  cord  in  the  sac,  and  in  view 
of  its  poorly  developed  and  degenerated  condition  it  may  be  further 
assumed  that  the  paralysis  is  not  remediable,  even^in  the  rare  cases  in 
which  circumstances  will  permit  the  preservation  of  part  of  the  degene- 
rated cord.  For  the  purpose  of  prognosis  and  also  for  the  advancement 
of  the  general  scientific  knowledge  of  the  subject,  the  sac  wall  in  such 
cases  should  be  submitted  to  systematic  microscopic  examination.  Until 
this  is  done  and  careful  reports  of  the  state  given  with  case  reports,  the 
results  of  different  methods  of  treating  the  sac,  and  especially  the  prognosis 
of  different  types  of  case  as  regards  late  functional  results,  cannot  be  raised 
above  the  level  of  speculation.  In  this  connection  it  may  not  be  out  of 
place  to  recall  the  statistics  of  Saachtleben  (quoted  from  Harrar),  who 
found  in  an  analysis  of  thirty  cases  from  the  Mikulicz  clinic  that  five 
only  were  permanently  cured,  and  these  were  meningoceles.  Harmer 
in  his  thirty  cases  found  some  paralysis  in  twenty.  This  was  increased 
after  operation  in  three  ;  not  affected  in  nine  ;  and  improved  in  eight. 
Of  these  eight,  five  were  slightly  improved  but  died  subsequently  of 
hydrocephalus  or  infection.  One  with  pre-operative  incontinence 
showed  improvement  fifteen  months  later ;  one  with  paralysis  of  the 
foot  and  loss  of  sensation  in  both  legs  recovered  from  the  paralysis  but 
showed  no  change  in  the  sensory  loss ;  one  with  paralysis  of  the  legs 
was  well  sixteen  months  later.  From  this  evidence,  Harmer  concludes 
that  paralysis  is  in  some  cases  due  to  traction  :  a  strong  argument  in 
favour  of  operation  on  cases  with  attached  cord. 
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The  question  whether  the  cerebellar  cortex  is  capable  of  responding 
to  electrical  and  other  forms  of  stimulation  is  at  present  unsettled. 

Andre-Thomas  [1],  who  gives  a  resume  of  the  earlier  literature, 
notes  that  stimulations  evoke  less  constant  effects  than  experimental 
destructions.  He  also  comments  on  the  great  diversity  of  opinion 
expressed  :  some  observers  attribute  definite  responses  to  the  various 
regions  stimulated ;  others  deny  the  excitability  of  the  cortex,  whilst 
admitting  it  for  the  intracerebellar  nuclei. 

The  view  last  expressed  is  that  maintained  by  Horsley  and  Clarke 
[7],  who  ascribe  the  results  occasionally  yielded  by  cortical  stimulation 
to  spread  of  current  to  the  intracerebellar  nuclei.  They  emphasize 
a  fallacy,  which  doubtless  entered  into  much  earlier  work,  namely,  the 
facility  with  which  the  effects  of  excitation  may  be  vitiated  by  current 
escape  to  the  nucleus  and  rootlets  of  the  accessorius  nerve. 

As  the  outcome  of  researches  on  the  dog  and  monkey,  Rothmann  [9] 
arrived  at  conclusions  which  diverge  materially  from  those  of  Horsley 
and  Clarke.  Stimulating  with  the  bipolar  method,  the  animal  being 
in  morphine-ether  narcosis,  he  found  the  threshold  much  higher  than 
that  of  the  cerebral  cortex.  Whilst  admitting  that  some  movements 
of  the  fore-limb  may  be  due  to  current  diffusion  to  the  intracerebellar 
nuclei    (dentate    nucleus),  he  considers    that  certain  characteristic  toe 
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movements  in  the  fore-jleg,  elicitable  from  the  anterior  surface  of  the 
cerebellum,  are  an  expression  of  genuine  cortical  excitation.  He  was 
able  to  prove  that  the  impulses  concerned  in  this  response  are  conveyed 
by  the  superior  peduncles  and  rubrospinal  tracts. 

It  should  be  remarked  in  passing  that  the  conclusions  of  this  writer 
show  but  little  agreement  with  the  localization  theory  of  Van  Eynberk 
[10]  ;  this  theory  has  more  recently  been  accorded  the  support  of 
Andre-Thomas  and  Durupt  [2] . 

Although  Kothmann  fails  to  comment  on  the  mode  of  causation  of 
the  "running  movements"  ("  Laufbewegungen ")  at  times  elicitable 
from  the  anterior  part  of  the  vermis,  it  is  probable  that  he  considers 
them  due  to  excitation  of  the  cortex.  It  may  be  inferred,  then,  that 
he  regards  the  cerebellar  cortex  as  excitable. 

Beck  and  Bikeles  [3] ,  who  repeated  earlier  experiments  of  Magnini, 
conclude  that  strychnine  and  phenol  are  without  action  on  the  cortex 
cerebelli,  and,  therefore,  assert  that  it  is  inexcitable. 

Shimazono  [13],  however,  applied  strychnine  to  the  cerebellar  cortex 
of  the  pigeon  and  observed  an  increase  of  muscle  tonus  on  the  same 
side  of  the  body. 

Beck  and  Bikeles  [4],  reverting  to  the  problem,  deny  any  increase 
of  tonus  in  either  pigeon  or  dog  as  a  result  of  the  action  of  strychnine 
on  the  cortex  and,  in  consequence,  reaffirm  their  original  thesis  that 
the  cortex  is  inexcitable. 

After  denying  the  excitability  of  the  cortex,  the  same  authors  assert, 
with  curious  inconsistency,  in  a  subsequent  paper  [5],  that  cooling  does 
not  depress  the  excitabilif/j  of  the  cortex.  Failure  to  mention  any 
definite  reactions  makes  it  appear  probable  that,  whatever  responses 
may  have  been  induced,  they  were  excited  by  action  of  the  current 
elsewhere  than  on  the  cortex  (trigeminus,  accessorius  or  nucleus  gracilis 
or  cuneatus,  vide  Horsley  and  Clarke  [7]).  Such  an  interpretation 
would  afford  a  plausible  explanation  of  the  lack  of  change  on  cooling. 

Similar  criticisms  apply  to  the  conclusions  of  Bikeles  and 
Zbyszewski  [G]  that  cocaine  does  not  lower  the  excitability  of  the 
cortex. 

Consideration  of  the  conflicting  statements  outlined  above  reveals 
the  desirability  of  further  evidence  regarding  the  question  of  the  excita- 
bility of  the  cortex  cerebelli.  The  idea  that  the  cortical  neurones  are 
excitable  appears  natural  and  logical,  and  its  proof  demands  only  the 
selection  of  a  suitable  test  reaction,  which  might  be  evoked  by  currents 
of  low  intensity,  the  action  of  which  would  extend  but  a  slight  distance 
below  the  surface. 
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A  reaction  fulfilling  these  conditions  was  described  by  Sher- 
rington [11]  :  when  the  anterior  surface  of  the  cerebellum  is  faradized 
there  ensues  an  immediate  inhibition  of  the  "  decerebrate  rigidity  " 
previously  evoked  by  ablation  of  the  cerebral  hemispheres.  Accordingly, 
this  inhibitory  response  was  employed  in  the  present  research  as  a  means 
of  deciding  the  question  whether  the  cerebellar  cortex  is  excitable. 

In  the  course  of  this  work  faradization  was  applied  to  the  superior 
cerebellar  peduncle  in  a  few  instances.  The  only  previous  observations 
on  this  subject  which  have  come  to  our  notice  are  those  of  Thiele  [14]. 
As  a  result  of  such  stimulation  he  observed,  in  particular,  movements 
of  the  ipsi lateral  fore-limb  consisting  of  protrusion  at  the  shoulder  and 
flexion  at  the  elbow. 

Methods. 

The  bipolar  method  of  stimulation  was  chosen  in  the  majority  of 
experiments,  since  it  appeared  that  the  current  would  be  confined  to 
the  cortical  layers  of  neurones  in  a  manner  scarcely  possible  in  the 
unipolar  method.  The  platinum  electrodes  terminated  in  small  beads 
1  mm.  apart.  When  precise  localization  was  necessary  recourse  was 
had  to  the  unipolar  method,  the  stigmatic  electrode  being  of  the  usual 
Sherrington  type.  The  inductorium  was  operated  by  two  storage 
batteries  ;  an  ammeter  and  rheostat  were  included  in  the  primary 
circuit  and  the  resistance  was  so  arranged  that,  whilst  the  hammer 
was  in  vibration,  the  ammeter  showed  a  reading  of  approximately  0"2 
ampere.  At  135  mm.  secondary  distance  the  current  from  the  bipolar 
electrodes  was  just  detectable  on  the  tip  of  the  tongue. 

The  animal  (cat)  was  anaesthetized  with  chloroform  and  ether. 
Tracheotomy  was  performed  and  both  carotids  were  ligated.  Decerebra- 
tion  was  performed  with  the  decerebrator  [12],  the  plane  of  the  section 
lying  about  27  mm.  behind  the  frontoparietal  suture,  in  a  cat  of  medium 
size.  The  level  of  this  section,  somewhat  anterior  to  that  usually 
employed,  was  chosen  on  account  of  the  necessity  of  preserving  the 
tentorium  cerebelli  intact.  The  plane  lies  usually  just  in  front  of  the 
posterior  colliculi.  Following  the  decerebration  a  small  serrefine  was 
clamped  on  the  divided  basilar  artery.  The  latter  procedure  permitted 
of  the  immediate  continuance  of  the  experiment.  The  head  was  then 
supported  at  a  convenient  height  in  a  clamp  applied  either  to  the  lower 
jaw  or  to  the  skull.  Precautions  were  observed  to  keep  the  cortex  in 
normal  condition  by  the  application  of  swabs  wet  with  warm  saline 
solution. 
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Results  obtained  in  Present  Investigation. 

When  stimulation  of  appropriate  strength  is  applied  to  the  anterior 
surface  of  the  vermis^  there  results  an  immediate  and  general  relaxation 
of  the  rigidity.  The  possibility  that  this  inhibition  is  evoked,  to  any 
important  degree,  from  the  cut  edges  of  the  dura  or  through  the 
trigeminus  may  be  quickly  excluded.  The  low  intensity  of  the  current 
(100  mm.  sec.)  and  the  position  of  the  electrodes  in  the  mid-line 
render  it  practically  certain  that  no  physical  spread  can  occur  to  the 
dural  margin  or  to  the  trigeminus,  both  of  which  are  too  far  distant. 
Furthermore,  we  found  that  the  application  of  1  per  cent,  cocaine 
hydrochloride  to  the  edge  of  the  dura  did  not  modify  the  reaction  in 
any  way.  Hence,  it  may  be  concluded  that  the  inhibition  is  evoked 
from  the  cerebellar  substance. 

Possible  influence  of  the  current  on  the  internal  nuclei  in  con- 
tributing to  the  effect  must  next  be  considered,  and  the  evidence  which 
renders  this  factor  unessential  will  now  receive  attention. 

In  the  first  place  a  "healthy  "  vascular  condition  of  the  cortex  is 
necessary  for  the  production  of  the  response  by  weak  currents.  The 
development  of  anaemia  immediately  abolishes  the  reaction.  In  these 
respects  the  cerebellar  cortex  closely  resembles  the  cerebral  cortex. 
Moreover,  the  inhibition  is  elicitable  by  weak  currents  (100  mm.  sec), 
which  are,  indeed,  less  intense  than  those  required  to  excite  the 
cerebral  cortex  ;  in  one  experiment  the  threshold  for  exciting  hind  limb 
movements  from  the  cerebral  motor  area  was  not  attained  until  the 
secondary  coil  was  at  58  mm.  This  observation  is  contrary  to  those  of 
Beck  and  Bikeles  [5]  ;  the  possibility,  however,  has  already  been 
suggested  that  some,  at  least,  of  the  reactions  described  by  these 
writers  were  caused  by  current  escape  to  the  trigeminus  or  accessorius, 
rather  than  by  direct  stimulation  of  the  cerebellar  cortex.  Under 
these  circumstances  the  current  strengths  they  employed  would  not 
indicate  the  degree  of  excitability  of  the  cerebellar  cortex.  In  support 
of  such  an  interpretation  of  their  results,  we  would  mention  that  we 
observed  that  approximation  of  the  electrodes  to  the  vicinity  of  the 
trigeminus  yields  marked  postural  changes  in  the  ipsilateral  fore-leg, 
and  that  direct  stimulation  of  the  nerve  itself  with  weak  currents 
(200  mm.  sec.)  causes  flexions  and  claw  movements  in  the  same  limb. 

'  The  terms  "  vermis  "  and  "  lateral  hemispheres  "  are  retained  in  the  present  paper,  since 
the  nomenclature  of  Bolk  and  van  Rynberk  offers  no  advantages  in  relation  to  the  problems 
investigated. 
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If  we  admit  that  the  inhibition  is  called  forth  in  the  cortical 
neurones  we  may  naturally  expect  abolition  of  the  response  by  the 
application  of  cocaine.  Accordingly,  the  response  was  induced  from 
the  anterior  surface  of  the  vermis  by  a  minimal  current  and  a  1  per 
cent,  solution  of  cocaine  hydrochloride  containing  a  little  methylene 
blue  was  then  applied.  Stimulation  of  the  original  intensity  repeated 
after  about  one  minute  yielded  no  response.  It  is  reasonable  to  suppose 
that  the  influence  of  the  cocaine  was  mainly  on  the  cortical  neurones 
and  that,  therefore,  the  inhibition  had  been  induced  as  a  result  of 
excitation  of  these  neurones. 

The  evidence  given  above  leads  to  the  logical  conclusion  that  the 
inhibition  is  induced  as  a  consequence  of  a  state  of  excitation  in  the 
cortical  neurones  or,  in  other  words,  that  in  respect  to  this  reaction 
the  cerebellar  cortex   is  excitable. 

Sherrington  [11]  describes  the  "inhibitory  area  "  as  extending  over 
the  anterior  surfaces  of  the  vermis  and  lateral  hemispheres.  With  the 
intention  of  studying  the  cortical  distribution  of  the  response,  we 
explored  the  cerebellar  surface  in  other  situations.  In  one  experiment 
small  portions  of  the  vermis  were  successively  exposed  and  each  portion 
was  tested  with  a  weak  current  (98  mm.  sec).  It  was  found  that  the 
vermis  yielded  inhibition  from  its  most  anterior  part  backwards  to 
about  3  mm.  above  the  medulla  oblongata;  farther  than  this  it  was 
impractical  to  go,  owing  to  action  of  the  current  on  the  medullary 
centres.  The  inhibition  affected  all  four  legs  ;  although  the  remainder 
of  the  body  was  not  observed  specially,  it  probably  shared  in  the 
reaction. 

Conclusions  regarding  the  results  of  faradizing  the  anterior  surface 
of  the  lateral  hemisphere  are  only  permissible  when  currents  of  low 
intensity  are  employed.  In  the  case  of  stronger  currents  the  possibility 
of  diffusion  to  the  cut  dural  margin  or  to  the  trigeminus  or  accessorius 
must  be  considered.  Sherrington  observed  modifications  of  the  rigidity 
as  a  result  of  stimulation  of  the  edge  of  the  dura.  He  also  noted 
alterations  induced  refiexly  through  the  trigeminus  [11],  whilst  we 
ourselves  {vide  supra)  obtained  changes  in  limb  posture  as  a  result  of 
the  action  of  weak  currents  on  this  nerve.  Our  observations  showed 
that  the  inhibition  elicitable  from  the  anterior  surface  of  the  lateral 
hemisphere  reveals  itself  most  intensely  in  the  ipsilateral  limbs  and 
more  noticeably  in  the  hind-leg  than  in  the  fore-leg.  Fig.  1  indicates 
the  extent  of  the  anterior  cerebellar  surface,  on  one  side,  from  which 
the  reaction  was  evoked. 
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The  effects  elicitable  from  the  posterior  surface  of  the  lateral 
hemisphere  have  not  yet  been  studied  sufficiently  to  permit  of  drawing 
definite  conclusions. 

In  a  number  of  experiments  faradization  was  applied  to  the  superior 
cerebellar  peduncle.  In  one  experiment  the  cerebellum  was  removed  ; 
subsequently  the  rigidity  first  increased  and  then  disappeared  completely 
(cf.  Weed  [15]).  Bipolar  stimulation  of  the  right  superior  peduncle 
(82  mm.  sec.)  then  yielded  rhythmical  opening  and  closing  of  the  claws 
of  the  right  fore-leg  together  with  running  movements  in  both  hind- 


FiG.   1. — Anterior  surface  of  cerebellum  of  cat.      x   2.     Aq.   Syl.,  aqueduct  of  Sylvius 
B,  bristles  indicating  extent  of  "  inhibitory  area  "  on  one  side  ;  C.P.,  colliculus  posterior ; 
S.P.,  sulcus  primarius  (Bolk). 


legs.  The  unipolar  method  was  then  substituted,  the  indifferent 
electrode  being  secured  to  the  left  hind-leg.  Stimulation  was  applied 
to  the  same  situation  as  in  the  bipolar  method,  the  secondary  being  at 
100  mm.  There  resulted  the  same  type  of  claw  movements  in  the  right 
fore-leg ;  these  movements  are  very  characteristic  and  resemble  those 
noted  in  a  stroked  cat.  Because  of  the  attachment  of  the  indifferent 
electrode  the  hind-legs  were  not  observed, 

A  bristle  was  inserted  at  the  point  yielding  the  reaction  just  depicted. 
Sections  were  prepared  and  were  stained  by  the  Weigert  hfematoxylin 
method.  The  bristle  is  found,  on  examination,  to  be  situated  in  the 
right  brachium  conjunctivum  (fig.  2).  The  electrode  was  applied  at  the 
point  of  entrance  of  the  bristle  into  the  brain-stem. 


no 
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That  the  effects  just  mentioned  are  in  reality  due  to  stimulation  of 
the  brachium  conjunctivuin  and  are  not  caused  retlexly  is  rendered 
practically  certain,  since  claw  movements  of  the  same  character  were 
eUcited  by  faradization  of  a  point  in  the  interior  of  the  cerebellum  at  a 
particular  stage  in  its  removal.  In  this  instance  a  tract  destined  to 
enter  the  brachium  conjunctivum  was  doubtless  stimulated. 


Fig.  2.  —  Section  througli  the  pons  of  a  cat's  brain,  x  6.  B,  point  of  entrance  of 
bristle,  indicating  position  of  electrode  by  whicli  claw  movements  were  evoked  in  right  fore- 
leg ;  Br.C,  brachium  conjunctivum;  F.lp.,  fasciculus  longitudinalis  posterior;  Mes.Y., 
mesencephalic  root  of  trigeminus  ;  i'.,  pons. 


We  may  conclude,  therefore,  that  stimulation  of  the  brachium  con- 
junctivum induces  claw  movements  in  the  ipsilateral  fore-leg.  With 
respect  to  the  exact  localization  of  the  running  movements  of  the 
hind-legs  evoked  by  bipolar  stimulation,  further  experiments  are  in 
progress. 

Thiele  [14],  whose  observations  on  stimulation  of  the  superior 
peduncle  were  cited  in  the  introduction,  does  not  mention  the  occur- 
rence of  reactions  like  those  noted  in  our  experiments. 

A  variation  from  the  usual  inhibitory  response  of  the  cerebellum 
was  noted  in  a  few  instances.  Stimulation  of  the  anterior  surface  of 
the  vermis  over  the  area  outlined  in  fig.  3  resulted  in  the  following 
sequence  of  events. 
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(1)  Inhibition  of  rigidity  in  both  fore-legs ; 

('2)  Increased  rigidity  in  the  right  fore-leg  and  inhibition  of  rigidity 
in  the  left  fore-leg  ; 

(3)  Walking  movements  of  the  fore-legs,  during  which  the  increase 
and  decrease  of  tonus  appeared  reciprocally  in  the  two  legs. 

Concurrently  with  these  fore-leg  reactions  there  developed  in  the 
hind-legs  first  walking  and  later  running  movements;  movements  of 
the  claws  also  occurred  in  the  hind-legs.  The  running  movements 
recall  the  "  Laufbewegungen  "  of  Rothmann  [9] . 


Fig.  3. — Anterior  surface  of  cerebellum  of  cat.  x  2.  Faradiiiatioii  of  area  enclosed  by 
dotted  lines  yielded  walking  in  fore-legs  and  walking  and  running  in  hind  legs.  The  figure 
shows  the  specimen  after  removal  of  part  of  the  midbrain  subsequent  to  evoking  the  reac- 
tions described. 


During  the  course  of  another  experiment,  in  which  stimulation  of 
the  same  region  yielded  mainly  inhibition  of  all  fore-legs,  it  was  once 
noted  that  a  few  walking  movements  of  the  hind  legs  resulted. 

Since  the  walking  and  running  movements  just  mentioned  may  be 
evoked  with  currents  of  low  intensity  w^hich  at  times  yield  inhibition, 
and  since  the  inhibition  itself  has  been  shown  to  be  a  cortical  response, 
it  is  logical  to  conclude  that  the  walking  and  running  movements  are 
also  an  indication  of  cortical  activity.  Hence  these  observations  afiford 
additional  evidence  in  favour  of  our  main  thesis  that  the  cerebellar 
cortex  is  excitable. 
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Summary. 

(1)  Evidence  is  adduced  to  prove  that  the  cerebellar  cortex  is  excit- 
able. The  reaction  chosen  as  a  test  was  the  inhibition  of  decerebrate 
rigidity  evokable  by  stimulation  of  the  surface  of  the  cerebellum. 
Keasons  are  given  for  concluding  that  this  reaction  is  induced  as  the 
result  of  a  state  of  excitation  in  the  cortical  neurones  of  the  cerebellum. 

(2)  The  inhibition  is  yielded  by  the  greater  part  of  the  vermis  in  an 
antero-posterior  direction ;  it  is  also  yielded  by  the  anterior  surfaces  of 
the  vermis  and  lateral  hemispheres. 

(3)  Stimulation  of  the  brachium  conjunctivum  causes  claw^  move- 
ments in  the  ipsilateral  fore-leg. 

(4)  P^xcitation  of  the  anterior  surface  of  the^  vermis  occasionally 
elicits,  as  an  alternative  to  inhibition,  walking  movements  of  the  fore- 
legs and  walking  or  running  movements  of  the  hind-legs.  Since  these 
reactions,  like  the  inhibition,  are  induced  by  weak  currents,  they 
support  our  contention  that  the  cerebellar  cortex  is  excitable. 
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THEEE  CASES  OF   SUPRA-PITUITAKY  TUMOUR  PRE- 
SENTING FROHLICH'S   SYNDROME. 

BY  CHARLES  N.  ARMSTRONG,  M.B.,  D.P.H.DURH. 

The  three  cases  about  to  be  described  are  instances  in  which 
FrohHch's  syndrome  was  present  in  a  more  or  less  pronounced  form 
associated  with  unusual  types  of  tumour  in  the  base  of  the  brain,  none 
of  which  started  in  or  infiltrated  the  pituitary  body.  In  the  first  two 
cases  the  tumour  was  a  cystic  ependymoma,  and  in  the  third  case  a 
cholesterin-containing  cyst. 

Case  1.— E.  H.,  male,  10  years  of  age,  was  admitted  to  the  National 
Hospital,  Queen  Square,  under  Dr.  Gordon  Holmes,  on  October  10,  1921,  com- 
plaining of  failing  sight,  headache  and  vomiting.  His  mother  stated  that  the 
headaches  and  stiffness  of  the  back  of  his  neck  began  four  months  previously  : 
the  headaches  occurred  each  afternoon,  usually  when  he  was  returning  home 
from  school.  Some  weeks  later  he  became  subject  to  vomiting.  After  the 
summer  holidays  he  returned  to  school  on  September  19,  but  remained  there 
only  a  week  ;  it  was  reported  that  he  was  not  so  bright  as  formerly  and  suffered 
from  "heat-waves." 

About  September  29,  after  a  restless  night  he  complained  of  severe  head- 
aches ;  his  pupils  were  dilated,  he  vomited  about  10.30  p.m.,  and  again  a  little 
later,  and  became  drowsy. 

His  sight  had  been  deteriorating  since  x\ugust  and  sometimes  he  complained 
of  seeing  double  on  looking  straightforward.  Three  weeks  before  admission  to 
hospital  his  mother  noticed  that  his  left  eye  squinted,  turning  inwards.  This 
condition  recurred  once.  During  the  last  few  months  he  had  become  much 
fatter. 

No  previous  symptoms  had  been  noticed,  except  that  for  the  preceding 
two  to  three  years  he  had  complained  of  his  hands  being  cold. 

Examination. — A  finely-featured  well-nourished  small  boy  10  years  of  age, 
but  he  looked  younger  than  his  years.  Height  3  ft.  10  in.  ;  weight  3  st. 
He  was  very  drowsy  and  spoke  in  a  somewhat  tired  manner  with  a  hoarse 
voice.  His  skin  was  dry  and  exceptionally  smooth  and  delicate.  He  was 
rather  adipose  generally  with  a  feminine  type  of  fat  distribution  over  hips, 
abdomen,  pubes  and  chest.  The  hands  were  small  with  long  tapering  fingers  ;  his 
feet  also  were  small  and  finely  formed.     The  external  genitalia;  seemed  normal. 

No  loss  of  sense  of  smell  was  detected.     Visual  acuity  was  much  reduced 
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on  admission  ;  he  could  only  see  the  laVgest  letter  on  Snellen's  Cliart  at  hed 
length  (a^i),  vision  being  somewhat  better  in  the  right  eye  than  in  the  left. 

There  was  advanced  jiapilla'denia  in  both  eyes,  tlie  swelling  in  the  right 
reaching  3  D.,  and  in  the  left  2  D. 

Tlie  discs  were  becoming  white  and  opaque-looking,  and  their  vessels 
diminished  in  calibre. 

Examination  of  the  fields  of  vision  was  very  difficult,  as  patient  was  very 
drowsy  and  difficult  to  arouse  ;  they  seemed  reduced  in  the  temporal  halves 
and  also  to  some  extent  in  the  nasal  halves.  The  movements  of  his  eyes  were 
full.  His  pupils  were  dilated,  circular  and  equal,  reacting  feebly  to  direct  light 
and  on  accommodation.  No  abnormalities  were  detected  in  the  function  of  the 
other  cranial  nerves,  and  the  motor  and  sensory  systems  and  the  reflexes  were 
unaffected. 

His  heart,  lungs  and  alimentary  system  were  normal.  The  systolic  blood- 
pressure  was  106  mm.  Hg.  Radiographic  examination  showed  that  the  sella 
turcica  was  enlarged,  chiefly  in  the  antero-posterior  plane.  Unfortunately 
examination  of  the  sugar  tolerance  could  not  be  made  as  the  administration  of 
glucose  caused  vomiting. 

On  October  18,  a  right-sided  parietal  decompression  operation  was  per- 
formed by  Mr.  Percy  Sargent.  About  fourteen  days  later  the  patient  was 
much  improved  ;  he  was  not  so  drowsy,  had  no  pain  and  was  brighter.  His 
visual  acuity  increased  to  iff. 

As  the  ultimate  prognosis  seemed  hopeless  a  second  operation  was  under- 
taken for  tlie  removal  of  the  tumour  on  November  2.  The  tumour  was 
reached  from  the  fronto-orbital  route,  the  capsule  opened  and  part  of  it 
removed  by  suction. 

Post-operadce  notes. — The  patient  took  small  feeds  quite  well  in  the  after- 
noon and  the  evening  of  the  day  of  operation  but  did  not  regain  full  con- 
sciousness. The  pulse  was  rapid  and  often  difficult  to  feel.  He  collapsed  and 
died  in  the  early  morning  of  the  following  day. 

Patliological  investigation. — A  post-mortem  examination  was  made  on  the 
same  day.  On  removal  of  the  brain  a  large  tumour  was  found  above  the  optic 
chiasma  which  it  displaced  downwards.  After  making  a  sagittal  section 
through  the  brain,  the  tumour  was  seen  to  be  in  the  mid-line  ;  it  was  about 
the  size  of  a  walnut  and  was  attached  to  the  floor  of  the  third  ventricle 
throughout  its  whole  length,  and  also  to  the  infundibulum  from  the  upper  part 
of  which  it  appeared  to  arise.  The  tumour  w^as  surrounded  by  a  capsule 
except  where  it  was  united  to  the  upper  part  of  the  infundibulum.  It  was 
semi-cystic  and  contained  a  higlily-albuminous  yellowish  serum  with  numerous 
cholesterin  crystals  and  some  calcareous  matter  (fig.  1). 

The  sella  turcica  was  greatly  enlarged,  evidently  as  a  result  of  the 
absorption  of  bone,  while  the  posterior  wall  of  the  fossa  had  been  pushed 
backwards  by  the  tumour.  The  pituitary  body  itself  appeared  to  be  of  normal 
size  though  flattened  by  pressure. 

A  section  through  the  infundibulum  and  that  part  of  the  tumour  adjacent 


Fjg.  1. — Case  1.     Mesial  sagittal  section  through  brain,  showing  left  half  of  tumour  in 

position. 


Fig.  2.  — Case  1.  Photomicrograph  of  section  through  the  iiifuudibulum  and  that  part 
of  the  tumour  adjacent  to  it,  showing  the  proliferation  of  the  cells  of  the  ependymal  lining 
of  the  recessus  infundibuli.  On  the  right  side  of  the  ependyma  the  normal  neuroglial  tissue 
of  the  infundibulum  can  be  seen  and  on  the  other  the  cavity  of  the  tumour  containing 
orginizing  serum  and  calcareous  deposits. 
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to  it  shows  that  the  tumour  is  intimately  connected  with,  and  probably 
originated  from,  the  ependyma  of  the  infundibular  recess  (fig.  2).  On  the 
one  side  of  the  ependyma  is  the  normal  neuroglial  tissue  and  on  the  other 
part  of  the  cavity  of  the  tumour  containing  organizing  serum,  some  poly- 
morplionuclear  and  mononuclear  cells  with  pyknotic  nuclei,  and  small  areas 
of  calcareous  deposit.  In  the  portion  shown  in  fig.  2  the  ependymal  cells 
have  proliferated  and  penetrated  in  both  directions,  but  to  a  less  extent 
into  the  glial  tissue  than  into  the  tumour  mass.  Isolated  clumps  of  these 
cells  could  be  seen  scattered  through  the  infundibular  tissue,  while  the 
tumour  itself  appears  to  be  composed  of  strands  of  such  cells  enclosing 
spaces  filled  with  serum  and  fibrin  in  which  there  are  numerous  calcareous 
deposits.  These  strands  of  epithelial  tissue  run  in  a  matrix  which  is  indis- 
tinguishable from  glial  tissue,  and  in  this  tissue  run  the  blood-vessels  which 
are  numerous  and  have  thin  walls.  The  outer  cells  of  these  epithelial  masses 
are  columnar  and  the  others  polygonal.  The  central  parts  of  the  epithelial 
masses  tend  to  degenerate  and  to  be  replaced  by  fibrin  or  calcareous  tissue. 
The  appearance  suggests  that  many  of  the  spaces  are  formed  in  this  way 
by  disintegration  of  the  tumour. 

Case  2. — F.  S.,  aged  35,  female,  was  admitted  to  the  National  Hospital, 
under  Dr-  Gordon  Holmes,  on  November  29,  1919,  complaining  of  blindness, 
headache  and  adiposity.  She  gave  the  following  history  of  her  illness. 
Fifteen  months  previously  amenorrhoea  commenced  ;  then  she  began  to  get 
fatter,  felt  tired,  and  about  the  same  time  noticed  a  slight  alteration  in 
her  sight.  Vision  became  worse  nine  months  later  and  occasionally  she  had 
diplopia.  During  the  last  two  weeks  vision  had  deteriorated  very  much 
and  light  irritated  her  eyes  so  that  she  wanted  to  keep  them  closed.  She 
had  suffered  from  slight  headaches  for  a  long  time,  especially  in  the  mornings, 
but  they  had  become  much  worse  during  the  past  month  and  had  been 
accompanied  by  vomiting  for  the  last  week.  She  thought  that  she  passed 
more  ui'ine  than  formerly. 

At  the  beginning  of  lier  illness  she  weighed  11  stone. 

Examination. — An  enormously  fat,  but  otherwise  healthy  looking  woman  ; 
weight  16  st.  6  lb.  Her  skin  was  fairly  fine,  but  very  dry  and  soft.  There 
was  no  alteration  in  the  body  hair  except  perhaps  that  it  was  somewhat  sparse, 
but  the  hair  of  her  head  was  thick  and  normal  in  appearance  and  quality. 

No  loss  of  sense  of  smell  detected  Visual  acuity  of  the  left  eye  was 
\ri  and  that  of  the  right  even  less. 

Perimetric  examination  revealed  a  partial  scotoma  for  white  in  right 
inferior  quadrant  of  right  eye,  and  indistinctness  of  vision  in  the  rest  of 
the  temporal  field.     No  scotoma  for  white  was  detected  in  the  left  eye. 

She  was  unable  to  recognize  red  or  green  in  the  region  of  the  fixation 
point  in  either  eye,  but  her  headaches  were  so  severe  that  complete  examina- 
tion was  not  possible.  Her  optic  discs  appeared  normal.  Her  right  pupil 
was  slightly  larger  than  left  ;  both  were  circular,  and  reacted  to  direct  and 
consensual    illumination.      There  was    complete   paralysis    of   right   external 
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rectus,  the  other  ocular  muscles  being  normal,  but  the  left  eye  developed 
nystagmoid  jerks  on  looking  to  the  right.  No  abnormalities  were  detected 
in  the  functions  of  the  other  cranial  nerves,  and  the  motor  and  sensory 
systems  and  the  reflexes  were  normal. 

Her    systolic    blood-pressure    was     121    mm.    Hg,    the    diastolic    being 
82  mm.  Hg. 


■i  -^- 


Fig.  S.—Case  2. 


Mesial  sagittal  section  through  brain  showing  right  half  of  tumour  in 
position. 


Eadiographic  examination  showed  no  evidence  of  enlargement  of  the  sella 
turcica  in  the  antero-posterior  plane,  but  viewed  stereoscopically  it  appeared 
enlarged  laterally.  The  sugar  tolerance  was  not  above  normal,  100  grm. 
of  glucose  giving  rise  to  glycosuria. 

On  January  21,  1920,  a  right  temporo-parietal  decompression  operation 
was  performed  by  Mr.  Percy  Sargent ;  there  were  evidences  of  an  enormous 
increase  of  intracranial  pressure.     Patient  died  five  days  later. 

Fatliological  investigation. — A  post-mortem  examination  was  made  on 
the  day  after  death.  On  removal  of  the  brain  a  tumour  about  the  size  of  a 
walnut  was  found  in  and  above  the  sella  turcica.  It  lay  slightly  to  the  left 
of  the  mid-line,  beliind  the  chiasma  which  it  had  pressed  forward.  In  a  sagittal 
section  through  the  brain  the  tumour  was  seen  to  be  semi-cystic,  and  to  be 
attached  to  the  floor  of  the  third  ventricle  throughout  its  whole  length 
(tig.  3). 
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There  was  very  great  enlargement  of  the  pituitary  fossa,  cliiefly  at  the 
expense  of  its  anterior  margin.  The  posterior  chnoid  processes  were  also 
pushed  hack  wards. 

On  microscopical  examination  the  tumour  tissue  is  seen  to  he  conjposed 
of  hranching  epithelial  masses  of  various  shapes  projecting  in  all  directions 
and  enclosing  cystic  spaces  (fig.  4).  Some  of  these  cystic  spaces  contain  a 
serous  looking  substance,  and  others  organizing  fibrinous  matter.  Calcareous 
deposits    are    also    found  within  them.     The    cells  of  the  outer  layer  of  the 


Fig.  4. — Case  2.  Photomicrograph  of  section  of  that  part  of  the  tumour  adjacent  to  tho 
infundibulum  showing  branching  epithelial  masses  enclosing  cystic  spaces  and  neuroglial 
tissue  intervening  between  the  epithelial  processes. 


epithelial  masses  which  are  in  contact  with  these  spaces  are  columnar  and 
the  more  centrally  placed  are  polygonal.  Occasionally  in  the  central  area 
of  some  of  the  strands  the  cells  are  flattened.  In  that  portion  of  the  tumour 
adjacent  to  the  brain  there  is  a  large  amount  of  glial  tissue  intervening  between 
the  branching  cellular  processes.  The  blood-vessels  are  scanty  and  thin  walled  ; 
they  lie  within  the  spaces  and  tend  to  channel  the  epithelial  strands. 

Case  3. — W.  L.,  aged  18,  female,  was  admitted  to  the  National  Hospital 
under  Dr.  Farquhar  Buzzard,  on  February  12,  1920,  complaining  of  headache 
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and  loss  of  sight.  Although  18  years  of  age  she  had  never  menstruated.  Two 
years  before  admission  she  had  begun  to  complain  of  frontal  headaches  which 
were  worse  each  morning.  She  did  not  suffer  from  vomiting  until  twelve 
months  before  admission  when  it  commenced  accompanying  the  headaches 
and  having  no  relation  to  food.  About  two  months  after  the  headaches  began 
her  vision  became  blurred,  so  that  she  could  neither  see  to  read  nor  to  thread 
a  needle.  Her  mother  stated  that  at  first  she  used  to  bump  into  people  who 
were  walking  at  her  side  as  she  could  see  only  in  front  of  her,  and  that  she 
had  to  turn  her  head  to  look  to  either  side.  She  had  always  been  fat ;  before 
Christmas,  1919,  her  face  assumed  a  bloated  appearance,  but  this  had  become 
less  pronounced.  She  was  ratlier  drowsy  and  was  always  dropping  off  to 
sleep. 

Examination. — The  patient  was  a  very  fat  girl  of  18  years  who  appeared 
to  be  only  12  to  14  years  of  age ;  she  had  a  childish  voice,  and  vpas  of  cheerful 
disposition.  Her  skin  was  abnormally  dry  and  scaly.  There  was  very  little 
body  hair,  only  two  to  three  hairs  in  the  axillae  and  very  few  over  the  pubis, 
but  the  hair  of  her  head  was  fairly  long,  thick  and  silky. 

No  loss  of  sense  of  smell  was  detected.  Visual  acuity  was  so  diminished 
that  she  could  only  appreciate  coarse  hand  movements.  It  was  impossible  to 
test  her  visual  fields  owing  to  failure  of  sight.  Ophthalmoscopic  examination 
revealed  primary  optic  atrophy  in  both  eyes.  Her  pui^ils  were  widely  dilated, 
the  left  being  slightly  larger  than  the  right.  No  reaction  to  light  nor  to 
accommodation  was  obtained  in  either.  Both  external  and  both  internal  recti 
were  weak, and  there  was  a  divergent  squint  which  became  a  little  less  marked 
when  she  tried  to  converge.  No  abnormalities  were  detected  in  the  functions 
of  the  other  cranial  nerves,  and  the  motor  and  sensory  systems  and  the  reflexes 
were  normal. 

The  heart,  lungs  and  alimentary  system  presented  no  marked  abnormalities. 
The  systolic  blood-pressure  was  100  mm.  Hg,  the  diastolic  being  70  mm.  Hg. 
Sugar  tolerance :  100  grm.  of  glucose  given  ox'ally  did  not  produce  glycosuria. 
Other  tests  with  larger  quantities  of  glucose  failed,  as  the  patient  vomited. 
Eadiographic  examination  show^ed  that  the  sella  turcica  was  much  larger  than 
normal. 

An  operation  was  undertaken  on  March  20,  by  Mr.  Percy  Sargent.  After 
a  frontal  osteoplastic  flap,  hinged  in  tlie  temporal  fossa,  was  made  the  frontal 
lobe  was  elevated  and  the  tumour  reached.  A  large  quantity  of  yellow  fluid 
containing  numerous  shimmering  cholesterin  crystals  was  removed  from  it  by 
aspiration.  After  the  operation  the  patient  became  almost  maniacal,  talking 
incessantly,  was  very  restless  and  tried  to  get  out  of  bed.  A  few  days  later 
her  temperature  began  to  rise  and  reached  106  F.  An  urticarial  rash  appeared 
on  the  back  and  buttocks.  A  lumbar  puncture  was  performed  and  no  evidence 
of  meningitis  was  found.     She  died  on  April  2. 

Pathological  investigation. — A  post-mortem  examination  was  made  on  the 
following  day.  On  lifting  the  frontal  lobes  of  the  bi'ain,  a  tumour  about  the 
size  of  a  walnut  was  seen  filling  the  sella  turcica  with  the  optic  nerves  stretched 
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over  it.  The  sella  turcica  \vas  appreciably  enlarged  laterally  and  antero- 
posteriorly  but  was  not  abnormally  deep.  An  attempt  was  made  to  dissect  the 
tumour  from  the  surrounding  tissues  but  in  doing  so  the  cyst  burst  and  much 
brownish  fluid  with  numerous  plate-like  crystals  of  cholesterin  escaped. 
A  few  large  solid  masses  of  crystals  were  also  found  within  it,  and  one  plate 
of  hard  calcareous  matter  was  seen  attached  to  the  upper  wall  of  the  cyst. 
In  a  sagittal  section  through  the  brain  the  tumour  was  seen  to  lie  in  tlie 
mid-line.  The  wall  of  the  cyst  was  firmly  attached  to  the  floor  of  the  third 
ventricle  and  to  the  infundibulum  from  which  it  apparently  had  arisen  (fig.  5), 
A  portion  of  the  cyst  wall  examined  microscopically  was  seen  to  be 
formed  of  fibrous  tissue  only ;  no  epithelial  cell  masses  could  be  detected  in  it. 


Fig.  5. — Case  3.     Mesial  sagittal  section  through  braiu  showing  right  half  of  cyst  in- 

position. 


In  the  first  two  cases  described  above  the  semi-cystic  tumours  were 
apparently  of  the  same  nature.  The  tumour  tissue  was  composed  of 
nests  and  branching  masses  of  epithelial  cells,  enclosing  cystic  spaces, 
the  serous  content  of  which  was  in  the  process  of  organization.  These 
epithelial  masses  were  made  up  of  several  layers  of  cells  ;  the  basal  cell 
layer  being  composed  of  columnar  cells  while  the  cells  of  the  super- 
imposed layers  were  chiefly  polygonal.  This  epithelial  tissue  appeared 
to  originate  by  the  proliferation  of  the  ependyma  lining  the  recessus 
infundibuli.  In  fact  this  was  fairly  definitely  shown  in  the  first  case. 
The  calcareous  deposits  seen  within  the  cystic  spaces  seemed  to  have 
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been  formed  as  a  result  of  degenerative  changes  having  taken  place  in 
the  organized  tissue  within  the  spaces. 

This  type  of  tumour  cannot  be  regarded  as  being  entirely  encapsuled, 
for  in  Case  1  there  was  evidence  of  its  extension  into  the  brain  tissue 
near  its  place  of  origin. 

Similar  solid  or  semi-solid  epithelial  cell  tumours  occurring  in 
relation  to  the  infundibulum  and  third  ventricle  have  frequently  been 
described.  The  tissue  from  which  this  type  of  tumour  originates  has 
always  been  a  matter  of  some  speculation.  Mott  and  Barratt  [15] 
describe  two  cases,  one  of  which  they  assumed  originated  from  the 
choroid  plexus,  or  from  the  lining  epithelium  of  the  infundibulum  or 
of  the  third  ventricle  which  it  filled.  Another,  which  resembled  a 
papilloma,  they  regarded  as  an  epidermoid  cyst  developed  from  mis- 
placed ectodermal  cells  intended  to  form  the  scalp.  Here  the  epithelial 
structure  of  the  neoplasm  bore  a  very  close  resemblance  to  the  rete 
Malpighii  of  the  skin,  although  no  hairs  nor  fatty  matter  were  present, 
Langer  [10]  also  described  two  cases  of  papillary  cysts  which  he 
regarded  as  definitely  of  infundibular  origin. 

Hecht  [7],  in  1909,  described  a  tumour  which  very  closely  resembled 
the  tumours  in  Cases  1  and  2,  except  that  it  contained  some  typical 
osteoid  tissue  which,  however,  may  have  been  a  fragment  of  the  sella 
turcica,  since  the  bone  here  was  markedly  corroded  and  thinned  out. 
In  a  case  described  by  Otto  Kankeleit  [9] ,  a  remnant  of  the  eroded 
wall  of  the  sella  turcica  was  found  in  the  tumour.  The  parenchyma  of 
the  tumour  described  by  Hecht  was  considered  to  have  been  formed  by 
proliferating  cells  of  the  pars  anterior  of  the  pituitary  body.  The  cells 
formed  alveoli-like  spaces  in  a  stroma  of  very  loose  vascular  embryonal 
connective  tissue  composed  of  stellate  cells.  These  alveoli  were  either 
completely  filled  with  epithelial  cells,  or  there  was  present  only  an 
outer  shell  of  epithelial  cells  and  an  inner  mass  of  hyaline  material. 
The  tissue  in  the  interior  of  the  spaces  looked  somewhat  like  "epithelial 
pearls  "  of  cornifying  carcinomata,  although  the  material  did  not  show 
any  true  cornification.  The  epithelial  cells  forming  the  follicular  spaces 
were  cuboidal  or  short  columnar  cells.  These  cells  had  not  only  formed 
the  alveolar  spaces  but  had  also  proliferated  in  a  very  irregular  manner, 
and  this  had  led  to  the  formation  of  irregular  masses  and  tracts  of  cells. 
The  hard  portions  of  the  tumour  were  composed  of  very  coarse 
primitive  fibrils  and  fibril  bundles  which  were  infiltrated  with  lime 
salts.  Other  parts  contained  all  the  osseous  elements  of  bone,  corpuscles, 
Haversian   canals,    concentric    lamella?    and    cellular    marrow   spaces. 
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Where  the  tumour  was  fused  with  the  floor  of  the  third  ventricle  there 
was  a  loose  oedematous  connective  tissue  with  numerous  coarse  and 
delicate  wavy  fibres  forming  a  wide-meshed  reticulum.  Dorsal  to  it 
was  seen  a  portion  of  the  choroid  plexus,  the  ependymal  cells  of  which 
had  proliferated  and  formed  branching  villous  excrescences.  No 
cartilage  was  found  in  the  tumour  nor  any  glia  cells  or  fibres.  Hecht 
regarded  this  tumour  as  belonging  to  that  type  of  teratoma  which 
imitates  an  entire  embryonic  region. 

The  other  tumours  similar  in  structure  to  those  of  Cases  1  and  2, 
and  which  the  writers  regarded  as  having  possibly  originated  from  the 
third  ventricle,  were  described  by  Lereboullet,  Morizon  and  Cathala  [11] , 
and  the  other  by  Claude  and  Schaeffer  [1].  Cushing  [2],  Wilfred 
Harris  and  Cecil  Graham  [6],  have  also  recorded  cases  of  cystic 
epitheliomata  of  the  infundibulum  and  third  ventricle. 

Erdheim  [3]  in  1904  described  seven  personally  observed  cases  of 
tumour  which  he  considered  to  have  arisen  from  "  rests  "  of  that  part 
of  the  ectoderm  of  the  original  embryonic  buccal  cavity  v/hich  goes  to 
form  the  cranio-pharyngeal  duct.  A  part  of  this  lies  during  its  final 
development  in  the  region  of  the  infundibulum  and  the  upper  surface 
of  the  anterior  lobe  of  the  pituitary,  and  he  demonstrated  the  frequency 
with  which  "  rests  "  of  the  duct  occur  in  this  situation  by  finding  them 
in  ten  out  of  thirteen  foetuses  examined.  These  tumours  are  described 
as  being  always  in  the  mid-line  and  generally  originating  in  the  infun- 
dibulum. Some  were  solid  but  the  greater  number  were  cystic  and 
contained  a  serous  fluid  in  which  cholesterin  crystals  were  frequently 
found.  The  tumour  tissue  is  described  as  being  epithelial  and  the  cells 
as  resembling  those  of  the  buccal  mucosa.  Both  macroscopically  and 
microscopically  these  tumours  appear  to  resemble  very  closely  the  first 
two  described  above.  Various  other  observers  have  followed  Erdheim 
in  considering  such  epithelial  tumours  to  have  been  derived  from  the 
cranio-pharyngeal  duct,  basing  their  conclusion  partly  on  the  structure 
of  the  tumour  and  partly  on  its  situation. 

One  of  the  most  striking  examples  was  that  described  by  Farnell  [4] . 
This  was  a  tumour  about  the  size  of  a  golf-ball  occurring  in  the  usual 
situation,  in  the  mid-line  and  behind  the  optic  chiasma.  It  had  an 
adeno-papillomatous  structure.  The  remarkable  feature  of  the  tumour 
was  that  the  epithelial  tissue  not  only  resembled  the  buccal  epithelium, 
but  even  the  mandibular  type  of  epithelium  composing  the  enamel- 
forming  organ  of  the  tooth.  Hence  Farnell  regards  the  tumour  not 
only  as  a  hypophyseal   cholesteatoma,  but    also  as  an  adamantinoma 
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comparable  to  the  tumours  which  develop  in  the  Jaw  from  the  dental 
epithelium.  All  these  cranio-pharyngeal  tumours,  however,  do  not 
present  such  a  typical  form  of  epithelioma.  Many  of  them  ha.ve  been 
described  as  being  papillomatous,  with  flat-celled  epithelium,  and  some- 
times as  containing  apparently  isolated  cell-nests.  They  thus  resemble 
very  closely  the  structure  of  the  tumours  of  the  first  two  cases  described 
in  this  paper.  Such  neoplasms  have  also  been  reported  by  Harms  [5] , 
Kankeleit  [9],  Mackay  and  Bruce  [14],  Strada  [IB],  Lewis  [12],  and 
Harry  Jackson  [8] . 

The  cyst  in  Case  3,  the  wall  of  which  contained  only  fibrous  tissue, 
is  evidently  of  a  rarer  type.  Except  that  it  apparently  originated  from 
the  infundibulum,  its  origin  is  obscure. 

There  is  no  doubt  that  growths  of  an  epithelial  nature  are  the  most 
frequent  type  of  supra-pituitary  tumour.  Other  types  of  kmiours 
which  have  occurred  in  this  region  are  two  instances  of  teratomata  and 
one  of  an  endothelioma  described  by  Gushing  [2].  Lockwood  [13] 
records  a  typical  cholesteatoma,  Silfvast  [17]  a  glioma  and  an  endo- 
thelioma. A  case  of  myxo-chondro-sarcoma  was  published  by  Mott  and 
Barratt  [15],  who  also  report  a  very  rare  instance  of  mycotic  infection 
which,  by  irritation,  had  set  up  a  new  growth  in  the  supra-pituitary 
region. 

These  tumours  occurring  in  the  supra-pituitary  region  generally 
produce  fairly  constant  local  and  general  symptoms.  The  chief  local 
symptoms  are  those  due  to  involvement  of  the  chiasma  and  optic  tracts, 
generally  producing  a  bitemporal  hemianopsia,  and  eventually  total 
blindness  with  optic  atrophy  if  the  tumour  is  not  partially  removed  by 
operation.  In  a  late  stage  of  the  disease  there  is  often  increased  intra- 
cranial pressure,  brought  about  mainly  by  interference  with  the  escape 
of  cerebrospinal  fluid  from  the  lateral  and  third  ventricles.  The 
general  symptoms,  however,  are  much  more  interesting  :  they  generally 
approximate  to  the  type  of  dystrophia  adiposo-genitalis  described 
originally  by  Frohlich.  The  outstanding  symptoms  are  adiposity,  with 
a  feminine  type  of  fat  distribution  over  chest,  abdomen,  hips  and 
pubes,  and  either  non-development  of  the  secondary  sex  characteristics 
if  the  condition  had  occurred  before  puberty,  or  some  loss  of  them  if 
the  condition  had  commenced  after  puberty.  Hence  in  cases  in  which 
the  disease  begins  in  childhood,  the  genital  organs  always  remain 
infantile ;  the  pu])ic  and  axillary  hair  never  becomes  more  than  very 
scanty,  and  in  girls  menstruation  is  never  established.  When  the  con- 
dition sets  in  after  puberty  has  been  established,  cessation  of  menstrua- 
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tion  in  women  and  impotence  in  men  are  early  symptoms,  and  the 
genital  organs  gradually  revert  back  to  pre-adolescent  state.  There  is  a 
very  decided  diminution  in  the  body  hair ;  the  axillary  hair  often 
disappears  altogether,  that  over  the  pubes  becomes  very  scanty.  The 
beard  and  moustache  become  thin,  or  the  patient  may  not  need  to  shave 
so  frequently  as  previously,  although  the  hair  of  the  scalp  does  not 
seem  to  be  aifected.  The  skin  of  these  patients  is  generally  very  dry, 
and  extremely  smooth  and  delicate.  Metabolism  is  often,  though  not 
always,  deranged.  Frecjuently  there  is  an  increased  carbohydrate 
tolerance.  In  other  cases,  such  as  those  reported  by  Newmark  [16]  and 
by  Gushing  [2j,  an  outstanding  feature  was  diabetes  insipidus.  Low 
blood-pressure,  epileptiform  seizures,  and  lowered  mentality  may  also 
occur.  The  cause  of  these  striking  symptoms  has  been  the  subject  of 
nmch  investigation.  On  account  of  the  involvement  of  the  pituitary 
gland  by  pressure  of  these  supra-pituitary  tumours,  the  symptoms  have 
been  generally  attributed  to  a  diminished  secretion  of  the  hypophysis. 
This  theory  of  hypopituitarism  as  the  cause  of  Frohlich's  syndrome  has 
been  strongly  supported  by  the  experiments  by  Gushing  upon  dogs. 
He  found  that  puppies  deprived  of  all  their  pituitary  gland,  except  a 
fragment  of  the  pars  anterior,  became  adipose,  their  sugar  tolerance 
was  increased,  they  remained  sexually  infantile,  and  skeletal  growth 
was  very  greatly  retarded.  Similar  experiments  upon  adult  dogs  pro- 
duced adiposity,  increased  sugar  tolerance,  and  reversive  sexual 
changes.  Further,  he  observed  that  animals  deprived  of  only  the- 
posterior  lobe  of  the  pituitary  gland  acquired  a  high  sugar  tolerance  and 
became  very  fat,  and  that  intravenous  injection  of  posterior  lobe  extract 
produced  glycogenlysis,  and  its  continued  administration  in  excessive 
amounts  leads  to  emaciation. 

The  exact  relation  of  polyuria  and  polydipsia  to  the  pituitary  gland 
is  still  somewhat  uncertain,  but  its  occasional  occurrence  in  tumours 
in  the  pituitary  region  indicate  that  the  relation  is  a  close  one. 
Newmark  [1(5]  has  described  a  case  of  severe  diabetes  insipidus,  in  which 
a  tumour  occupying  the  region  of  the  infundibulum  was  found  to  have 
destroyed  the  pars  nervosa  and  most  of  the  pars  intermedia.  The 
second  case  described  in  this  paper  had  polyuria.  It  would,  therefore, 
appear  as  if  a  destructive  lesion  of  the  pars  nervosa  might  result  in 
polyuria.  On  the  other  hand,  the  oral  administration  of  posterior  lobe 
substance  in  animals  had  been  observed  by  Schafer  to  have  a  diuretic 
effect. 

There  is,  therefore,  much  evidence  correlating  the  state  of  dystrophia 
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adiposo-genitalis  presented  by  cases  of  supra-pituitary  tumour  with  the 
damage  or  destruction  of  the  gland.  It  is  also  possible  that  the  normal 
discharge  of  the  posterior  lobe  secretion  into  the  third  ventricle  via  the 
infundibular  cavity  may  be  interrupted  by  the  involvement  of  the 
infundibulum  by  the  tumour.  On  the  other  hand,  Erdheim  believes 
that  the  Frohlich  syndrome  may  be  caused  by  the  growing  tumour 
interfering  with  certain  centres  at  the  base  of  the  brain  apart  from  the 
pituitary  gland. 

A  perusal  of  the  literature  on  the  subject  of  supra-pituitary  tumours 
shows  that  about  70  per  cent,  of  these  tumours  are  associated  with 
Frohlich's  syndrome. 

The  writer  is  indebted  to  Dr.  Gordon  Holmes  and  Dr.  Farquhar 
Buzzard  for  permission  to  publish  their  cases,  and  to  Dr.  Godwin 
Greenfield  for  taking  the  photographs  which  illustrate  this  paper. 
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THE  NERVOUS  COXTKOL  OF  THE  URINARY  BLADDER 

IN  AMPHIBIANS.' 

BY  F.  J.  F.  BARRINGTON. 
[From  the  Laboratories  of  the  Surgical  Uiiit,  University  College  Hospital  Medical  School.) 

The  experiments  described  in  this  paper  were  undertaken  to 
determine  whether  the  normal  evacuation  of  the  urinary  bladder  in 
amphibians  depended  on  the  integrity  of  some  part  of  the  anterior  end 
of  the  hind-brain,  as  has  previously  been  shown  to  be  the  case  in  the 
cat  [1]. 

The  animals  used  were  the  common  frog  {Bana  fiisca) ,  the  common 
toad  (Bufo  vulgaris),  the  crested  newt  [Molge  cristata)  and  the  spotted 
salamander  {Salamandra  maculosa) . 

Various  proportions  of  chloroform  and  ether  dissolved  in  water  were 
tried  for  the  anaesthetic.  One  c.c.  of  ether  to  100  c.c.  of  water  appeared 
to  be  the  best,  and  this  mixture  was  used  in  the  majority  of  the  experi- 
ments. The  animals  were  put  in  a  closed  glass  vessel  containing  such 
a  quantity  of  this  mixture  that  they  were  not  completely  submerged, 
and  left  there  till  all  reflexes,  including  respiration,  were  abolished. 
Though  given  no  further  anaesthetic  they  did  not  come  round  till  a 
considerable  time  after  the  operation  was  finished. 

After  operation  the  animals  were  kept  till  they  were  killed  in  a  sink 
into  which  water  was  slowly  dripping  ;  the  surface  of  the  sink  was 
therefore  always  wet  but  there  was  not  sufficient  water  in  it  to  cover 
them.  Most  of  the  animals  were  kept  two  days  after  operation  ;  they 
were  then  killed  with  ether  water,  the  abdomen  opened  and  the  degree 
of  distension  of  the  bladder  noted.  This  can  easily  be  determined  in 
frogs  during  life  by  a  translucent  area  in  the  region  of  the  bladder ;  the 
same  applies  to  the  other  animals  if  a  strong  light  is  used.  From  the 
observations  it  seems  that  two  days  was  an  unnecessarily  long  time,  and 
probably  the  same  results  would  have  been  obtained  if  the  period  had 
been  one  day. 

1  The  expenses  of  this  resedrch  have  been  defrayed  by  a  grant  from  the  Dixon  Fund  of  the 
University  of  London. 
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The  Effect  of  Eemoval  of  Parts  of  the  J3rain. 

Portions  of  the  brain  were  removed  in  anaesthetized  animals  by 
removing  part  of  the  roof  of  the  skull,  dividing  the  brain  transversely 
and  scooping  out  the  part  anterior  to  the  section  ;  the  skin  incision 
was  then  closed.  The  actual  position  of  the  brain  transection  w^as 
determined  after  death  and  hardening  in  formalin  by  naked-eye 
examination. 

These  experiments  were  made  on  fourteen  frogs,  length  between 
5  and  7  cm. ;  five  toads,  length  between  6J  cm.  and  9  cm. ;  eight  newts, 
length  between  Hi  cm.  and  14i  cm.  ;  and  eleven  salamanders,  length 
between  Hi  cm.  and  ISi  cm. 

When  killed  the  animals  fell  into  two  groups  according  to  the 
appearance  of  the  bladder ;  in  the  one  it  was  tensely  distended  and 
marked  abdominal  distension  was  present,  and  in  the  other,  even  though 
containing  a  considerable  amount  of  urine,  its  surface  always  had  a 
crenated  appearance ;  in  no  case  was  there  ever  the  slightest  doubt  into 
which  of  these  two  groups  to  place  an  individual  animal.  Measure- 
ments of  the  bladder  contents,  though  unnecessary,  were  in  most  cases 
attempted  by  delivering  the  bladder  through  an  abdominal  incision  and 
opening  it  over  a  measure.  In  the  case  of  the  frog  the  figures  obtained 
by  this  method  probably  give  a  fairly  accurate  idea  of  the  degree  of 
distension.  In  the  toad  and  salamander  the  figures  usually  represent 
less  than  the  actual  degree  of  distension  in  the  case  of  distended 
bladders,  since  in  opening  the  abdomen  a  large  amount  of  fluid  often 
escapes  from  the  cloaca.  This  appears  to  be  due  to  the  absence  of  a 
lax  skin  like  that  of  the  frog.  In  the  newt  the  bladder  is  so  small  that 
the  drops  adhering  to  the  opened  bladder,  sides  of  the  measure,  Sec, 
may  form  an  appreciable  proportion  of  the  bladder  contents.  In  the 
frogs  the  normal  maximum  quantity  of  urine  that  can  be  collected  in 
this  way  is  probably  under  2  c.c. ;  the  amounts  collected  in  those  with 
over-distended  bladders  varied  from  3j  c.c.  to  12  c.c.  In  the  toad  the 
normal  maximum  appears  to  be  up  to  10  c.c;  the  amounts  collected  in 
those  with  over-distended  bladders  varied  from  10  c.c.  to  51)  c.c,  in 
the  former  a  considerable  quantity  was  known  to  have  been  lost.  In 
the  newt  the  quantities  collected  from  those  with  over-distended 
bladders  varied  from  03  c.c.  to  1"2  c.c,  and  in  the  salamander  from 
31  c.c.  to  Hi  c.c. 

Removal    of   the    fore-brain    only,    with   one    exception,  was    never 
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followed  by  an  over-distended  bladder ;  the  exception  was  a  salamander 
and  after  hardening  the  mid-brain  was  found  to  have  become  softened. 
In  all  cases  where  the  transection  was  behind  the  cerebellum  an  over- 
distended  bladder  resulted.  With  the  exception  of  one  newt,  on  which 
not  much  reliance  can  be  placed  on  account  of  the  small  size  of  the 
brain,  all  cases  where  the  transection  went  between  the  cerebellum  and 
the  mid-brain  resulted  in  an  over-distended  bladder.  With  the  exception 
of  one  frog'  in  which  the  whole  mid-brain  was  found  to  be  softened, 
no  experiment  resulted  in  an  over-distended  bladder  where  the  tran- 
section was  made  through  the  anterior  half  of  the  mid-brain.  A  tran- 
section through  the  posterior  half  of  the  mid-brain  was  only  made  in 
one  frog  and  in  it  the  bladder  was  not  over-distended.  If  therefore, 
as  is  probable,  the  result  in  the  newt  alluded  to  was  an  error  in  observa- 
tion, the  over-distended  state  of  the  bladder  observed  in  all  four 
species  is  due  to  the  destruction  of  some  part  of  the  posterior  half  of 
mid-brain. 

This  localization  approximates  to  that  already  described  in  the  cat 
as  nearly  as  could  be  expected  from  the  methods  employed  in  the  two 
cases.  In  the  cat,  however,  paralysis  of  the  bladder  was  shown  to  be 
present;  in  the  amphibian  the  over-distension  might  be  due  to  this  or  to 
failure  of  the  closing  mechanism  to  relax.  A  third  possibility  arises 
from  the  fact  that  the  ureters  do  not  open  directly  into  the  bladder, 
namely,  that  the  over-distension  might  be  due  to  some  abnormal  rate  of 
filling  of  the  bladder.  This,  however,  cannot  be  the  explanation,  since 
in  normal  frogs  it  is  quite  easy  to  see  that  the  l)ladder  is  emptied  when 
urine  is  passed  by  the  disappearance  of  the  translucent  area  in  the 
bladder  region,  whereas  in  animals  with  over- distended  l^ladders,  even 
though  considerable  quantities  of  urine  may  escape  during  struggling 
when  the  animal  is  handled,  a  large  translucent  area  in  the  bladder 
region  persists.  Though  there  is  no  direct  proof  that  the  failure  of  the 
bladder  to  empty  is  due  to  its  paralysis,  it  seems  unlikely  that  it  is 
dependent  on  a  tonic  contraction  of  the  sphincter  from  the  fact  already 
stated  that  in  animals  with  over-distended  bladders  comparatively 
slight  mechanical  causes  can  lead  to  the  expulsion  of  considerable 
quantities  of  urine  from  the  cloaca,  though  the  bladder  is  still  over- 
distended  at  the  end. 
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The  Effect  of  Divlsion  of  the    Spinal  Cord  and  of  the 

Spinal  Roots. 

(a)   In   the  Ainira. 

Division  of  the  spinal  cord  in  frogs,  the  species  of  which  is  not  stated, 
was  found  by  Exner  [3]  to  lead  to  great  dilatation  of  the  bladder ;  the 
level  of  transection  was  stated  to  be  at  the  fourth  or  fifth  vertebra,  but 
it  is  not  given  in  relation  to  spinal  roots.  It  was  shown  by  Gaskell  [4] 
that  the  bladder  of  the  frog,  as  of  the  mammal,  has  a  double  innerva- 
tion, the  anterior  fibres  reaching  it  by  the  sympathetic  and  the  pos- 
terior, which  correspond  to  the  pelvic  nerve  of  mammals,  arising 
directly  from  the  sciatic  plexus.  The  spinal  roots  from  which  contrac- 
tion of  the  bladder  could  be  elicited  in  the  frog  were  found  by  Horton 
Smith  [5]  to  be  the  ventral  roots  of  the  seventh,  ninth  and  tenth,  but 
not  of  the  eighth ;  the  seventh  required  a  stronger  stimulus  to  obtain 
the  effect  than  the  ninth  or  tenth.  Dale  [2]  showed  that  in  the  toad 
stimulation  of  the  same  roots,  the  seventh,  ninth  and  tenth,  and  of  these 
only,  gave  rise  to  contraction  of  the  bladder. 

In  the  experiment  about  to  be  described  the  first  root  is  considered 
to  be  the  one  emerging  between  the  first  and  second  vertebrae.  In 
many  experiments  on  frogs  and  toads  the  lower  roots  are  counted  from 
the  posterior  end  and  errors  are  therefore  liable  to  occur  if  there  is  a 
variation  of  the  normal  root  arrangement.  In  the  urodela  the  levels  of 
lesions  are  given  in  vertebrae  ;  as  the  roots  emerge  from  the  spinal 
canal  directly  they  arise  from  the  cord  this  is  not  open  to  objection. 

Division  of  the  spinal  cord  at  various  levels  from  the  second  to  fifth 
roots  was  performed  in  six  frogs  and  four  toads  ;  in  some  experiments 
the  cord  posterior  to  the  transection  was  excised,  in  some  it  softened 
and  in  others  it  functioned,  reflex  movements  of  the  hind  limbs  being 
obtainable.  In  all  these  cases  great  over-distension  of  the  bladder 
resulted.  The  nervous  impulse  which  leads  to  the  normal  emptying  of 
the  bladder  must  therefore  travel  from  the  posterior  half  of  the  mid-brain 
down  the  anterior  half  of  the  spinal  cord. 

In  two  frogs  the  cord  was  divided  behind  the  seventh  roots  and  no 
abnormal  distension  of  the  bladder  occurred.  Division  of  the  ninth  and 
tenth  spinal  roots  was  performed  in  three  frogs  and  five  toads  ;  over- 
distension of  the  bladder  did  not  result  in  any  case.  The  toads  usually 
had  full  bladders  when  killed  but  they  were  always  within  the  normal 
limits  :  in  the  three  frogs  the  bladders  were  nearly  or  quite  empty.     At 
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any  rate  the  whole  mid-brain  effect  cannot  act  through  the  posterior 
spinal  nerves.  This  appeared  such  a  fundamental  difference  from  the 
condition  in  the  cat  that  it  was  thought  the  mid-brain  inffuence  might 
be  masked  by  a  possible  paralysis  of  the  sphincter  of  the  bladder.  This 
was  shown  not  to  be  the  case  by  dividing  the  ninth  and  tenth  roots  and 
the  cord  between  the  second  and  third  roots  at  the  same  operation  : 
flexion  of  the  hips  and  knees  could  be  obtained  then  by  touching  the 
toes  and  an  over-distended  bladder  resulted. 

Division  of  the  lower  spinal  roots,  excepting  the  last  two,  is  a  difficult 
operation  in  the  frog  and  toad,  and  not  an  easy  one  to  control  by 
dissection  two  days  after  it  has  been  done.  It  was  attempted  by 
removing  the  laminae  of  the  four  hindmost  vertebrae  and  dividing  all 
roots  exposed  which  emerged  in  front  of  the  ninth  vertebra  on  both 
sides.  In  this  way  the  sixth,  seventh  and  eighth  roots  were  usually 
divided  and  the  ninth  and  tenth  left  intact.  In  three  frogs  there  was 
over- distension  of  the  bladder  after  this  operation,  but  in  these  there  was 
complete  paralysis  of  all  movements  of  the  limbs,  including  the  toes  :  the 
ninth  and  tenth  roots,  though  not  actually  divided,  were  therefore  not 
functioning.  In  one  frog  in  which  this  operation  had  been  performed, 
and  the  ninth  and  tenth  roots  of  one  side  divided  as  well,  there  was  no 
over-distension  of  the  bladder,  but  voluntary  flexion  of  the  toes  of  the 
opposite  side  occurred  during  life.  In  two  other  frogs,  where  the  sixth, 
seventh  and  eighth  roots  had  been  divided  on  both  sides,  there  was  no 
over-distension  of  the  bladder  ;  movement  of  the  toes  was  seen  in  one, 
but  in  the  other  no  observations  w^ere  made  on  this  point.  In  two 
other  frogs  the  seventh  root  on  both  sides,  and  the  seventh  and  eighth 
on  both  sides,  were  divided  and  no  over-distension  of  the  bladder 
resulted.  Division  of  the  seventh  root  in  frogs  does  not,  therefore,  lead 
to  over-distension  of  the  bladder  if  the  ninth  and  tenth  roots  are  intact 
even  on  one  side.  One  experiment  only  was  an  exception  to  this, 
and  does  not  seem  easy  to  explain  :  an  over-distended  (8  c.c.)  bladder 
was  present  in  a  frog :  anatomical  examination  showed  the  ninth  and 
tenth  roots  intact,  and  the  sixth  and  seventh  roots  divided  on  both 
sides,  the  eighth  root  was  intact  on  the  right  side,  and  its  dorsal  part 
only  divided  on  the  left  side  :  during  life  there  was  paralysis  of  the 
whole  left  hind  limb  except  for  movement  of  the  toes,  but  flexion  of  all 
joints  of  the  right  hind  limb  occurred.  The  sixth,  seventh  and  eighth 
roots  were  divided  in  one  toad  :  paralysis  of  both  hind  limbs  except  of 
the  toe  movements  resulted,  but  there  was  no  over- distension  of  the 
bladder. 
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In  the  frog  and  toad,  therefore,  both  the  anterior  and  posterior  sets 
of  roots  must  be  divided  to  produce  over-distension  of  the  bladder  ;  from 
this  it  follows  that  the  impulses  from  the  posterior  part  of  the  mid- 
brain which  normall}'  prevent  over-distension  must  pass  out  through 
both  sets  of  nerves. 

(b)  hi  the  Urodela. 

In  two  newts  division  of  the  cord  at  the  eighth  and  at  the  tenth 
vertebrae  respectively  resulted  in  an  over-distended  bladder. 

The  nerve  roots  supplying  the  bladder  in  the  salamander  are 
apparently  not  known.  Only  one  experiment  was  made  on  this  animal. 
The  brain  having  been  destroyed,  the  laminae  of  the  eleventh  to  the 
eighteenth  vertebrae  were  removed  ;  the  cord  was  damaged  in  doing  this, 
and  it  was  divided  at  the  level  of  the  twelfth  vertebra.  It  was  then 
stimulated  with  a  unipolar  electrode  at  the  posterior  border  of  each 
vertebra,  from  the  twelfth  to  the  eighteenth  inclusive,  for  about  ten 
seconds  ;  contraction  of  the  bladder  occurred  when  the  stimulus  was 
applied  at  the  lower  border  of  the  seventeenth  vertebra  but  nowhere 
else.  An  attempt  was  then  made  to  divide  this  part  of  the  cord  into 
segments  and  the  stimulation  repeated  with  the  same  current  (Kr.  400) ; 
the  contraction  again  only  occurred  at  the  seventeenth.  The  stimulus 
was  then  increased  and  the  experiment  repeated  twice  again  ;  a  marked 
bladder  contraction  resulted  at  the  seventeenth  vertebra  on  both  occa- 
sions and  a  doubtful  one  at  the  fifteenth  on  one.  In  this  salamander 
the  large  roots  to  the  hind  limb  plexus  were  the  fifteenth,  sixteenth 
and  seventeenth  ;  the  seventeenth  root  therefore  corresponds  to  the 
ninth  in  the  frog  and  toad.  The  experiment  does  not  show  w^hether 
an  upper  set  of  nerves  exists,  and  if  so  where  it  is,  but  it  is  sufficient 
to  show  the  main  part  of  the  lower  set  arises  from  the  posterior  part 
of  the  hind  limb  plexus  as  in  the  frog,  toad  and  mammal. 

In  three  salamanders  the  cord  was  divided  and  in  all  an  over- 
distended  bladder  resulted.  In  one  the  level  of  transection  was  the 
fifteenth  roots,  the  fourteenth  being  the  most  anterior  large  root  to  the 
hind  limb  plexus.  In  the  other  two  the  level  was  the  sixteenth  root, 
and  the  fifteenth  and  sixteenth  respectively  were  the  first  large  roots 
to  the  hind  limb  plexuses.  It  is  therefore  probable  that  if  an  upper 
set  of  bladder  nerves  exists  in  the  salamander  only  the  lower  set  convey 
impulses  from  the  posterior  part  of  the  mid-brain  to  the  bladder,  in 
which  case  the  salamander  differs  from  the  frog  and  toad  in  this 
respect  and  resembles  the  cat. 
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Some  Varieties  of  Traumatic  and  Toxic   Ulnar  Neuritis. 
By  E.  Farquhar  Buzzard. 

My  interest  in  the  ulnar  nerve  was  first  excited  in  a  very  personal 
manner  about  twenty-five  years  ago.  Having  succeeded  during  the 
course  of  a  hospital  football  match  in  fracturing"  one  of  my  collar  bones, 
my  arm  was  duly  fastened  to  my  chest  in  a  position  of  extreme  flexion 
at  the  elbow  with  results  which  still  live  vividly  in  my  memory.  After 
a  very  few  hours  I  began  to  experience  discomfort  in  the  sensory 
distribution  of  the  ulnar  nerve.  At  the  end  of  a  couple  of  days  the 
pain  and  parsesthesia  were  so  intense  that  I  was  obliged  to  beg  for 
the  release  of  my  arm  from  its  fixed  position.  It  is  quite  true  that 
many  persons  are  able  to  submit  to  the  same  procedure  without 
experiencing  any  discomfort,  and  it  would  seem  that  some  anatomical 
peculiarity  was  responsible  for  my  distress.  At  the  same  time  this 
peculiarity  is  shared  by  a  good  many  people,  some  of  whom  complain 
that  if  they  sleep  with  an  arm  flexed,  they  are  liable  to  wake  with 
parsesthesia  referred  to  the  distribution  of  the  ulnar  nerve. 

Neuritis   with  no  Obvious  Anatomical  Feature. 

With  this  introduction  I  may  refer  at  once  to  the  first  group  of 
cases  of  ulnar  neuritis  to  which  I  would  like  to  draw  your  attention. 
In  this  group  there  is  no  obvious  anatomical  feature  which  can  be 
regarded  as  a  factor  in  the  production  of  the  neuritis.  Examination 
of  the  nerve  at  the  elbow  does  not  reveal  any  abnormality  m  I'egard 
to  its  relations  with  bony  structures,  and  it  lies  well  protected  in  the 
ulnar  groove.     The  complaint  may  be  limited  to  a  transient  disturbance 
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of  function  as  a  result  of  the  excessive  use  of  the  hand  and  arm  in  a 
flexed  position.  A  good  example  of  this  was  the  case  of  a  lady, 
aged  88,  who  complained  of  complete  failure  of  function  on  the  part 
of  the  two  ulnar  fingers  of  the  left  hand  occurring  on  several  occasions 
at  the  end  of  a  long  'cello  recital.  She  had  played  the  'cello  since  she 
was  5  years  of  age,  and  had  recently  indulged  in  what  may  be  regarded 
as  excessive-  hours  of  practice.  But  it  is  possible  to  produce  more 
permanent  ulnar  disturbances  by  excessive  use  of  an  arm,  as  in  the 
case  of  a  man  who  came  to  me  complaining  of  numbness  in  the  ulnar 
fingers  of  the  light  hand  and  slight  pain  in  the  region  of  the  elbow. 
On  examination,  there  was  found  some  loss  of  epicritic  sensibility  in 
the  ulnar  distribution  and  slight  atrophy  and  weakness  of  the  ulnar 
muscles,  including  flexor  carpi  ulnaris.  At  the  elbow  the  nerve  seemed 
to  be  in  good  position,  and  the  only  abnormality  found  was  slight 
tenderness  just  below  its  exit  from  the  ulnar  groove.  This  condition 
had  apparently  been  produced  by  a  long  spell  of  fishing  with  a  heavy 
salmon  rod,  and  any  attempt  at  using  a  rod  or  a  tennis  racket  sufficed 
to  renew  the  pain,  and  was  attended  wdth  difficulty  in  maintaining  a 
proper  grasp. 

Even  less  violent  exertions  may  sometimes  end  in  a  similar  condi- 
tion. For  instance,  a  lady,  aged  43,  complained  that  for  three  weeks 
she  had  had  difficulty  in  using  her  right  hand,  and  was  conscious  of 
a  pain  like  a  sting  in  the  ulnar  border  of  the  palm  and  in  the  two  ulnar 
fingers.  The  ulnar  muscles  were  obviously  weak,  but  showed  very  little 
atrophy,  and  no  definite  sensory  loss  could  be  detected.  The  only 
aetiological  factor  which  I  could  discover  in  her  case  was  a  period  of 
excessive  use  of  the  hand  in  sewing  and  writing. 

Cases   with  an    Additional    Toxic    Factor. 

Closely  allied  to  the  group  I  have  just  described  is  another  in  which 
it  is  possible  to  find  an  additional  aetiological  factor  in  the  form  of  some 
toxic  agent.  In  these  cases,  again,  no  anatomical  abnormalities  can 
be  detected,  and  the  most  characteristic  feature  of  this  form  of  ulnar 
neuritis  is  its  onset,  while  the  patient  is  confined  to  bed  with  some 
infective  or  septic  illness.  I  saw  quite  a  number  of  cases  of  this 
description  during  the  war,  especially  among  soldiers  confined  to  bed 
with  severe  compound  fractures  and  subsequent  prolonged  sepsis. 

Captain  G<  M.,  aged  21,  sustained  a  wound  of  the  right  leg,  which  was 
amputated.  He  was  laid  up  for  three  months  in  bed  with  septic  complica- 
tions, and  after  about  two  or  three  weeks  noticed  increasing  numbness  and 
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soreness  in  the  ulnar  fint^ers  of  iDoth  hands.  The  right  hand  recovered  in  the 
course  of  five  weeks,  l)ut  the  left  hand  sho\ved  atrophic  palsy  of  the  ulnar 
muscles,  witli  some  sensory  impairment  in  the  ulnar  cutaneous  area. 

I  am  inclined  to  attribute  the  ulnar  neuritis  in  these  cases  partly  to 
the  fact  that  the  arms  are  constantly  being  used  in  the  flexed  position — 
partly,  perhaps,  to  an  undue  amount  of  friction,  and  partly  to  the  effect 
of  some  toxic  agent.  In  civilian  life  I  have  seen  a  precisely  similar 
condition  arising  bilaterally  in  a  patient  who  had  been  in  bed  for  a 
fortnight  v^'ith  a  slight  attack  of  small-pox.  All  the  cases  of  this  kind 
which  I  have  come  across  have  made  a  good  recovery.  Perhaps  one 
ought  to  include  in  this  group  the  occasional  case  of  ulnar  neuritis 
associated  with  glycosuria,  and  others  in  which  the  only  [etiological 
factor  of  importance  appears  to  be  the  gouty  diathesis.  An  interesting 
example  of  the  latter  was  a  patient,  aged  61,  who  came  to  me  com- 
plaining of  pain  in  the  ulnar  fingers  and  ulnar  aspect  of  the  left  hand 
which  had  come  on  suddenly  eight  months  previously  after  sitting  out 
one  evening  in  the  garden.  I  found  definite,  but  slight,  wasting  of  the 
ulnar  muscles  and  slight  impairment  of  sensibility  in  the  ulnar  area. 
He  suffered  from  gouty  eczema,  a  gouty  big  toe,  and  presented  gouty 
deposits  in  the  lobe  of  the  left  ear. 

Cases   with    Some   Anatomical   Peculiarity. 

My  third  group  of  cases  comprises  those  in  which  some  anatomical 
peculiarity  can  be  discovered  in  connection  with  the  relations  of  the 
nerve  at  the  elbow.  These  cases  may  be  subdivided  into :  (1)  those 
with  a  history  of  severe  injury  to  the  elbow  ;  (2)  those  without  any 
history  of  trauma. 

(1)  It  has  long  been  recognized  that  ulnar  neuritis  may  develop 
many  years  after  an  injury  to  the  elbow,  and  this  condition  has  been 
ascribed  to  involvement  of  the  nerve  in  callus  or  in  fibrous  adhesions. 
I  have  seen  a  number  of  cases  of  this  kind,  and  the  outstanding  feature 
has  always  been  the  unprotected  position  of  the  nerve  at  the  elbow. 
It  would  seem  that  in  these  cases  the  nerve  is  constantly  exposed  to 
minor  insults  and  injuries,  each  one  of  which  may  produce  very  little 
immediate  effect,  but  which  in  the  aggregate  lead  to  the  formation  of  a 
fibrous  neuroma.  This  neuroma  is  generally  a  fusiform  swelling  of  the 
nerve  due  to  a  large  increase  of  its  connective  tissue  elements.  I  have 
never  found  any  evidence  of  bony  pressure,  and  fibrous  adhesions  to 
neighbouring  structures  are  rarely  prominent.  On  the  other  hand, 
some  fibrous  constriction  of  the  nerve  is  not  very  uncommon. 
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Mrs.  0.,  aged  30,  gave  me  a  history  that  two  and  a  half  years  before  our 
interview  she  had  sustained  a  violent  blow  on  the  right  elbow  witli  a  tennis 
racket  and  that  some  months  later  she  began  to  find  sliglit  difiliculty  with  her 
right  hand.  She  was  unable  to  play  tennis  or  use  the  arm  in  any  strenuous 
way  during  the  following  summer.  She  complained  of  pain  in  the  elbow  even 
when  writing  or  using  a  needle,  and  I  found  the  nerve  at  the  elbow  very  easily 
displaced  and  over-exposed.  It  was  tender  on  palpation  and  there  was  some 
impairment  of  sensibility  in  its  distribution.  Mr.  \Vilfred  Trotter  placed  this 
nerve  in  front  of  the  joint  in  March,  1920,  with  the  result  that  the  patient  is 
now  able  to  use  her  hand  and  arm  without  any  discomfort  or  disability. 

Mrs.  S.,  aged  45,  gave  a  five  years'  history  of  wasting  and  weakness  of  the 
left  hand  with  slight  pain  at  the  left  elbow  and  in  the  ulnar  side  of  the  hand. 
She  displayed  almost  complete  ulnar  palsy  as  regards  the  intrinsic  hand 
muscles  and  some  weakness  of  flexor  carpi  ulnaris.  There  was  only  slight 
sensory  disturbance.  The  nerve  at  the  elbow  was  thickened  and  exposed.  In 
this  case  there  was  a  history  of  fracture  of  the  left  arm  at  the  elbow  forty-two 
years  previously.  Mr.  Trotter  operated  and  found  a  spindle-shaped  neuroma 
of  the  nerve  at  the  elbow,  and  contented  himself  with  transposing  it  in  front 
of  the  joint. 

(2)  There  appear  to  be  a  number  of  people  whom  nature  has  treated 
rather  shabbily  in  regard  to  protection  of  the  ulnar  nerve  at  the  elbow. 
The  groove  is  very  shallow,  and  when  the  elbow  is  passively  flexed  the 
nerve  can  be  felt  to  slip  out  of  it  and  to  lie  in  an  exposed  position  over 
the  inner  condyle.  These  people  may  escape  any  serious  consequences 
of  their  anatomical  peculiarity  unless  circumstances  necessitate  a  more 
or  less  strenuous  and  continued  employment  of  their  arms. 

A  very  good  example  of  this  type  of  case  was  provided  by  a  man,  aged  46,  who 
was  sent  to  me  complaining  of  weakness  and  wasting  in  the  left  hand,  and  with 
a  sensation  of  numbness  on  its  ulnar  side  during  a  period  of  about  four  months. 
On  examination  I  found  a  very  poor  ulnar  groove  and  a  large  thickened  nerve 
easily  palpable  on  the  surface  of  the  bone  ;  there  was  almost  complete  atrophic 
palsy  of  the  ulnar  muscles,  including  flexor  carpi  ulnaris,  and  partial  sensory 
loss  in  the  ulnar  distribution. 

The  chief  exciting  factor  in  this  case  appeared  to  be  the  fact  that  the 
patient  spent  his  time  driving  a  two-horse  van  with  his  left  arm.  A 
possible  accessory  factor  may  have  been  a  somewhat  excessive  consump- 
tion of  beer.  Mr.  P.  Sargent  operated  on  this  patient  and  found  a 
fusiform  swelling  involving  the  whole  thickness  of  the  nerve  for  about 
three-quarters  of  an  inch.  Below  this  neuroma  the  nerve  passed  beneath 
a  dense  fibrous  archway  which  constricted  it. 

I  have  seen  many  other  cases  of  this  kind,  and  a  particularly 
interesting  example  was  the  following  : — 
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A  ijhitela>er  was  in  the  habit  of  s\vinf>ing  a  heavy  hammer  imi)artially  witli 
both  arms.  When  I  saw  him  he  was  complaining  of  atropliy  and  weakness 
of  the  muscles  of  both  hands  characteristic  of  an  ulnar  lesion.  Both  ulnar 
nerves  were  unusually  unprotected  and  mobile  at  the  bend  of  the  elbows  and 
each  exhibited  a  large  diffuse  neuroma. 

This  case  afforded  a  good  example  of  difKculty  in  diagnosis  in  that  he 
complained  of  no  pain  and  but  little  paroesthesia  in  his  hands.  Except 
for  the  limitation  of  the  atrophy  to  the  muscles  supplied  by  both  ulnar 
nerves,  be  would  have  passed  for  a  case  of  progressive  muscular  atrophy, 
the  diagnosis  with  which  he  arrived  in  my  out-patient  room.  It  is 
worthy  of  note  that  the  sensory  disturbance  in  these  patients  varies  very 
much,  but  on  the  whole  is  less  severe  than  the  motor  palsy  and  muscular 
atrophy. 

Differential  Diagnosis. 

A  careful  examination  should  suffice  in  all  cases  to  distinguish  an 
ulnar  palsy  from  a  spinal  cord  lesion  in  the  form  of  progressive  muscular 
atrophy  or  syringomyelia.  On  the  other  hand,  so  nmch  attention  has 
been  paid  in  recent  years  to  the  presence  of  cervical  ribs  and  the 
interesting  clinical  phenomena  to  which  they  give  rise,  that  cases  of  the 
kind  I  have  been  describing  are  not  infrequently  sent  for  X-ray 
examination  on  the  suspicion  that  a  supernumerary  rib  may  be  held 
responsible  for  the  disability.  That  such  a  procedure  may  give  rise  to 
confusion  rather  than  to  help  in  diagnosis  is  well  illustrated  by  a  patient 
whom  I  saw  two  or  three  years  ago  and  who  was  ultimately  operated  on 
by  my  colleague,  Mr.  Cyril  Nitch. 

He  was  a  man  40  years  of  age,  who,  seven  years  before  he  came  under 
observation,  fell  off  a  motor  bicycle  and  injured  his  right  elbow.  He  was  told 
that  there  was  no  fracture  of  the  bone,  but  the  joint  was  painful  for  several 
weeks  and  for  some  time  he  \\as  unable  to  straighten  his  arm.  He  made 
a  complete  recovery,  but  six  or  seven  years  later  he  noticed  wasting  of  some 
of  his  right  hand  muscles  and  he  felt  an  occasional  tingling  over  the  ulnar 
side  of  his  hand  on  straightening  his  arm.  This  wasting  was  preceded  for 
a  time  by  a  condition  of  cramp  in  his  fingers  when  he  was  writing.  On 
examination  there  was  distinct  wasting  of  the  first  dorsal  interosseous  muscle 
and  epicritic  sensibility  over  the  ulnar  border  of  the  hand  was  diminished.  The 
ulnar  nerve  at  the  bend  of  the  elbow  was  freely  movable  and  not  obviously 
thickened.  This  patient  had  both  his  elbow  and  neck  X-rayed.  The  skiagram 
of  the  ell)Ow  showed  an  old  fracture  of  the  external  condyle  with  downward 
displacement,  but  no  signs  of  injury  to  the  internal  condyle.  The  skiagram 
of  the  neck  revealed  a  well-developed  seventh  cervical  transverse  process  on 
each  side  and  a  rudimentary  cervical  rib  on  the  right.     The  motor  and  sensory 
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disturbance  in  the  hand  determined  the  diagnosis  in  spite  of  the  cervical  rib, 
and  'Sir.  Nitch  exposed  the  ulnar  nerve  at  the  back  of  the  elbow.  It  was  much 
thickened  by  scar  tissue  in  the  groove  behind  the  internal  condyle  and  was 
bound  down  to  the  latter  by  firm  adhesions  attached  to  its  sheath.  On  palpa- 
tion the  nerve  felt  tough  and  fibrous.  It  was  lifted  from  its  bed  after  dividing 
the  fascia  uniting  the  two  heads  of  fiexor  carpi  ulnaris  and  was  displaced  for- 
wards in  front  of  the  internal  condyle  and  kept  in  position  by  a  graft  of  sub- 
cutaneous fat.  Within  a  few  weeks  the  patient  had  lost  all  sensory  disturbance, 
and  lie  returned  to  his  work  in  the  East  with  the  intention  of  continuing 
electrical  treatment  to  the  wasted  muscles. 

The  number  of  cases  which  I  have  very  briefly  outlined  suggests  that 
the  ulnar  nerve  is  particularly  prone  to  disturbances  of  function  on  what 
appear  to  be  at  first  sight  slight  provocation.  Looking  for  a  common 
factor  in  these  various  groups  one  is  struck  by  the  fact  that  in  the 
majority  of  cases  the  ulnar  nerve  is  unprotected  by  any  bony  parapet 
at  the  bend  of  the  elbow,  or  so  badly  protected  that  during  extension 
and  flexion  of  that  joint  it  is  apt  to  slip  in  and  out  of  its  proper  position. 
During  flexion  especially  it  may  lie  exposed  to  friction  and  pressure  on 
the  internal  condyle.  A  consideration  of  many  cases  seems  to  justify 
the  conclusion  that  movement,  especially  of  a  strenuous  and  frequently 
repeated  character,  is  an  important  factor  in  the  production  of  an 
interstitial  neuritis.  This  moving  contact  with  a  bony  surface  is 
probably  an  important  factor  in  producing  the  symptoms  associated 
with  a  cervical  rib,  although  I  do  not  think  it  has  been  shown  that  in 
the  latter  case  the  nervous  tissue  becomes  surrounded  by  a  definite 
thickening  of  connective  tissue.  In  the  case  of  the  ulnar  nerve, 
however,  the  nervous  tissue  is  constantly  exposed  to  minor  injuries,  and 
the  neuromatous  condition  so  often  found  must  be  ascribed  to  chronic 
inflammation  of  traumatic  origin.  It  is  a  little  difficult  to  understand 
why  the  flexed  position  of  the  elbow  should  in  itself  give  rise  to 
discomfort  referred  to  the  distribution  of  the  ulnar  nerve,  as  I  believe 
there  is  no  evidence  to  show  that  the  nerve  is  stretched  by  that  posture 
of  the  limb. 

DISCUSSION. 

Dr.  Wilfred  Harris  said  he  also  had  a  peculiar  interest  in  the  ulnar 
nerve  since  the  time  when,  as  a  schoolboy  of  13  years,  his  left  ulnar  nerve  was 
struck  at  the  elbow  by  a  stone  thrown  by  another  boy.  He  had  great  pain  at 
the  time  and  had  constantly  received  minor  injuries  to  his  ulnar  nerve  ever  since. 
He  thought  that  this  was  one  of  the  disadvantages  of  the  erect  position  of  man, 
since  this  posture  necessitates  frequent  acute  flexion  at  the  elbow  and  stretching 
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of  the  ulnar  nerve.  In  some  of  the  carnivora  the  ulnar  nerve  passes  forwards 
into  the  forearm  througli  a  foramen  in  the  lower  portion  of  the  humerus  ahove 
the  joint  and  is  thereby  less  subject  to  stretching.  There  was  one  point  in  the 
distribution  of  the  ulnar  nerve  which  he  wished  to  emphasize.  In  some  cases 
the  ulnar  nerve  did  not  supply  the  first  and  second  dorsal  interossei,  and  in 
such  cases,  unless  this  possibility  were  realized,  a  peripheral  ulnar  lesion  might 
easily  be  mistaken  for  a  central  one. 

Dr.  Stanley  Barnes  emphasized  the  nervous  origin  of  the  various  occu- 
pational muscular  atrophies.  He  saw  many  such  cases  in  his  practice  in  a 
large  industrial  centre  ;  some  of  them  exhibited  swellings  on  the  nerve  trunks. 
He  instanced  one  case  where  a  lad,  now  17  years  old,  suffered  from  a  severe 
ulnar  neuritis  due  to  a  fracture  of  the  internal  condyle  of  the  humerus  when  he 
was  7  years  old.  The  nerve  could  be  felt  running  over  a  promontory,  instead 
of  being  in  a  groove.  It  was  difficult  to  know  what  to  do  for  this  case  ;  every 
possible  measure  had  been  tried  except  operation,  and  Dr.  Barnes'  war  experience 
of  resection  and  suture  was  not  sufficiently  encouraging  to  justify  such  treat- 
ment so  long  as  any  muscular  power  or  sensation  remained.  Occupational 
neuritis  of  the  ulnar  nerve  was  due  in  many  cases  to  friction  between  the  nerve 
and  the  humerus  due  to  prolonged  use  of  the  arm  with  the  forearm  flexed.  In 
a  few  cases  he  believed  that  friction  occurred  higher  up  between  the  clavicle 
and  the  first  rib. 

Dr.  G.  RiDDOCH  said  that  the  pain  resulting  from  ulnar  neuritis  due  to  bone 
injury  could  hardly  be  connected  with  the  involvement  of  nerve  in  callus,  since 
it  appeared  so  very  late.  He  instanced  a  case  where  the  pain  came  on  fifteen 
months  after  the  injury.  This  case  had  proved  very  difficult  to  treat.  Alcohol 
injection  of  the  nerve  had  given  relief  for  one  month,  and  a  recent  surgical 
operation  had  resulted  in  complete  relief  for  three  weeks,  but  the  symptoms 
were  now  beginning  to  reappear.  Dr.  Riddoch  also  commented  on  the  fact 
that  some  patients  exhibited  motor  and  others  sensory  symptoms  following  the 
same  sort  of  injury. 

Dr.  Henry  Head  quoted  Mr.  Sherren's  paper  on  "  Neuritis  of  the  Ulnar 
Nerve,  due  to  Deformity  in  the  Region  of  the  Elbow-joint  "  {Ecliii.  Med.  Jouni., 
June,  1908).  In  one  of  these  patients  the  neuroma  was  excised,  the  two  ends 
of  the  nerve  sutured,  and  a  fresh  groove  chiselled  in  the  back  of  the  internal 
condyle.  Voluntary  power  began  to  return  in  sixty-six  weeks  and  all  the 
muscles  acted  voluntarily  in  one  hundred  and  thirty-two  weeks.  Sensibility 
was  also  restored.  To-day  it  would  be  better  in  such  cases  to  displace  the 
nerve  to  the  front  of  the  internal  condyle.  Dr.  Head  also  pointed  out  that  the 
protopathic  supply  of  the  ulnar  nerve  extended  on  to  the  median  half  of 
the  palm.  This  was  shown  by  irritative  lesions  and  could  be  demonstrated  in 
normal  persons  by  applying  a  faradic  current  to  the  ulnar  nerve  at  the  elbow  ; 
painful  tingling  extended  across  the  palm  almost  to  the  root  of  the  thumb.  On 
the  other  hand,  division  of  the  ulnar  caused  loss  of  sensibility  over  that  area 
alone  assigned  in  the  text-books  to  this  nerve. 

The  President  referred  to  the  delay  in  the  appearance  of  symptoms  after 
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fracture  of  the  lower  end  of  the  hiuuorus.  He  had  seen  a  clerk,  aged  30  years, 
whose  recent  ulnar  neuritis  could  only  be  attributed  to  a  fracture  at  the  age  of 
4  years.  A  variety  of  pathological  contlitions  might  be  found  in  these  cases. 
Adhesions  were  often  a  cloak  for  ignorance,  but  he  had  in  one  instance  seen  a 
case  where  the  nerve  had  been  compressed  under  the  fibrous  arch  between  the 
two  heads  of  the  flexor  carpi  ulnaris  ;  complete  relief  had  followed  the  division 
of  this  arch.  In  another  extraordinary  case,  that  of  a  carpenter  who  could  not 
Hex  the  elbow  beyond  a  right  angle  without  pain,  the  nerve  was  found  to  be 
normal  at  operation,  but  a  loose  cartilage  was  foimd  in  a  synovial  pouch  lying 
between  the  nerve  and  olecranon  process.  The  removal  of  this  cartilage  cured 
the  patient.  For  the  ordinary  type  of  neuritis  associated  with  a  fusiform 
neuroma,  it  was  his  practice  to  make  longitudinal  incisions  in  the  sheath,  and 
to  transplant  the  nerve  in  front  of  the  arm.  He  agreed  that  resection  of  the 
neuroma  with  suture  of  the  nerve  was  quite  unnecessary  in  these  cases. 

Dr.  Buzzard  said  he  had  noticed  the  occasional  abnormal  distribution  of 
the  ulnar  nerve  first  descx'ibed  by  Dr.  Harris.  The  post-traumatic  cases  could 
not  be  due  to  callus  formation,  but  were  due  to  the  more  exposed  situation  of 
the  nerve  which  resulted  from  the  obliteration  of  the  groove  in  which  it  was 
normally  protected,  and  to  the  increased  amount  of  movement  which  resulted 
from  this. 
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Die  Vergleichende  Anatomic  ties  Xervensijstems  clcr  Wirheltiere  iiiul 
des  Menschen.  By  Dr.  C.  U.  Ariens  Kappers.  II  Abschnitt. 
Mit  320  Figuren  ini  Text  and  7  Tafeln.  Pp.  705.  Haarlem  : 
Bohn.    1921. 

The  first  volume  of  this  book,  which  was  reviewed  in  a  recent  number  of 
this  Journal,  has  been  quickly  followed  by  the  publication  of  the  second  and 
concluding  part.  Kappers'  Comparative  Anatomy  of  the  Nervous  System  of 
Vertebrates  and  Man  is  now  complete,  and  certainly  stands  without  any  rival 
as  to  the  most  comprehensive,  authoritative  and  up-to-date  textbook  on  the 
subject.  Lest  its  title  suggest  to  clinical  neurologists  and  others  that  it  is 
merely  a  comparative  anatomy  and  is  concerned  exclusively  with  subjects  of  less 
immediate  interest  to  them,  it  must  be  pointed  out  that  there  are  few  books  in 
which  the  anatomy  of  the  human  brain  is  so  thoroughly  and  intelligently  dealt 
with . 

The  first  chapter  is  devoted  to  the  cerebellum,  the  development  of  which  is 
traced  u])wards  from  its  first  appearance  in  petromyzon,  where  it  is  merely  a 
correlation  centre  between  the  vestibulo-lateral  apparatus  and  more  frontally 
situated  mechanisms,  to  man.  Its  subdivision,  adopted  by  Kappers,  is  based 
largely  on  the  work  of  his  pupil  Ingvar,  and  consequently  differs  in  certain 
respects  from  that  of  Bolk,  Elliott  Smith  and  other  anatomists,  though  it  is  in 
principle  closely  allied  to  them.  According  to  this  view  the  neo-cerebellar 
parts,  to  which  its  increase  in  size  in  the  higher  vertebrates  is  due,  develop  in 
connection  with  the  lobus  medius,  that  part  of  the  vermis  which  lies  between 
the  sulcus  primarius  and  sulcus  praepyramidalis,  as  a  result  of  newly  acquired 
connections  with  the  inferior  olives  and  with  the  cerebral  cortex  through  the 
pontine  grey  matter ;  while  the  palaeocerebellar  components,  including  the 
lobus  anterior,  lobus  posterior  and  formatio  vei'micularis,  remain  fundamentally 
unaltered.  An  interesting  section  is  devoted  to  the  question  of  functional 
localization  in  the  cerebellum,  in  which  the  matter  is  considered  from  the 
physiological  and  experimental  as  well  as  from  the  anatomical  point  of  view. 

In  the  following  chapters  the  midbrain,  thalamencephalon,  rhinencephalon, 
corpus  striatum  and  neopallium  are  dealt  with  in  the  same  method.  One  of 
the  most  interesting  and  instructive  of  these  chapters  is  that  which  describes 
the  evolution  of  the  corpus  striatum  and  the  development  of  its  connections. 
By  following,  as  the  author  does,  its  growth  in  the  succeeding  genera  of 
vertebrates,  we  are  enabled  to  understand  not  only  the  role  it  plays  in  the 
evolution  of  the  brain,  but  also  the  significance  of  its  separate  parts  and  their 
multifarious  and   complex    connections.     This  chapter  is  certainly  not  easy 
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reading,  but  the  studeni  wlio  masters  it  Nvill  obtain  a  better  knowledge  of  the 
basal  ganjilia  than  lie  can  hope  to  do  by  any  otlier  method  of  study. 

The  final  chapter  is  devoted  to  the  neopallium.  Here  the  comparative 
method  has  less  scope,  but  the  comparison  of  the  different  parts  of  the 
cerebrum  in  different  genera,  and  a  study  of  the  stages  through  whicli  each  has 
passed  before  attaining  its  final  form  in  the  highest  vertebrates,  throws  so  much 
light  on  structures  which  we  ordinarily  know  only  from  a  study  of  human 
anatomy  that  we  cannot  but  be  grateful  to  the  author  for  the  opportunity 
which  he  gives  us  here  of  reviewing  them  in  a  compact  and  very  readable  form. 

The  volume  under  review  is  as  copiously  illustrated  as  tlie  first ;  there  are  320 
figures  scattered  through  its  705  pages,  and  in  addition  seven  coloured  tables. 
Specially  valuable  features  of  both  volumes  are  the  comprehensive  bibliographies 
at  the  end  of  each  chapter,  and  the  very  complete  index  of  subjects  and  names. 


Die  neurologische  ForscJningsricJitung  in  der  Psgchopathologie,  und 
andere  Aufsdtze.  By  Dr.  A.  Pick.  With  11  Figures  in  the  Text. 
Pp.  247.     Berlin  :  Karger.     1921. 

Throughout  a  long  and  fruitful  life  Professor  Pick  has  always  been  interested 
in  phenomena  which  illustrate  the  relation  of  mind  and  body.  Such  questions 
as  the  nature  and  causes  ot  aphasia,  apraxia,  katatonia  and  hallucinations 
associated  with  lesions  of  the  brain,  have  been  his  constant  preoccupation. 
As  one  of  the  few  writers  on  the  Continent  who  have  assimilated  and  understood 
the  doctrines  of  Hughlings  Jackson,  he  looked  upon  these  mental  changes 
as  dissolutions  of  highly  integrated  functions  and  pointed  out  in  what  instances 
they  revealed  the  activity  of  lower  centres,  normally  kept  under  control.  This 
he  calls  the  "  Neurological  attitude  in  psycho-pathology." 

The  first  93  pages  of  his  book  are  taken  up  with  an  essay  on  the  value  to 
mental  medicine  of  the  psychical  changes  evoked  by  organic  nervous  disease, 
and  all  the  subsequent  pages  form  examples  of  this  method  of  approach. 
Motor  and  static  perseveration  are  bi'ought  into  relation  with  katatonia  ; 
apraxia  is  explained  by  the  work  of  Leyton  and  Sherrington  on  the  cortex, 
and  the  somewhat  similar  views  of  von  Monakow  are  shortly  discussed. 

The  next  paper  deals  with  the  pathology  of  linear  writing,  based  on  a  case 
of  eclamptic  psychosis.  This  is  followed  by  a  consideration  of  the  exceptions 
to  Ribot's  law,  that  in  disorders  of  speech  the  most  recent  acquisitions,  e.g.,  a 
foreign  language,  are  first  affected.  Pick  then  discusses  the  psychology  of 
recurrent  utterances  in  aphasia  and  passes  on  to  deal  with  what  the  French 
have  called  "palilalie"  or  multiple  repetitions.  This  he  believes  to  be 
associated  particularly  with  lesions  of  the  basal  ganglia. 

The  last  paper  is  a  description  of  visual  hallucinations,  which  followed  local 
treatment  to  his  own  eye,  after  the  lens  had  been  extracted  for  cataract.  These 
took  the  form  of  letters  projected  on  some  surface  at  a  distance,  such  as  the 
blind,   or    the  cheek  of  the  person   to   whom   he   was   talking.      When  they 
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appeared  on  a  dark  surface,  they  were  surrounded  by  a  luminous  background. 
Such  obscure  phenomena  already  possesses  a  considerable  and  little  known 
literature  ;  this  has  been  collected  with  the  author's  well-known  care  and 
thoroughness. 

Der  Balkeii.     By  G.  Mingazzini.      Pp.  212.     Berlin  :  Julius  Springer. 
1922.     M.  160. 

This,  the  latest  contribution  to  the  series  of  monographs  edited  by  Foerster 
and  Wilmanns,  is  an  interesting  and  instructive  book  whicli  certainly  attains 
the  high  level  of  the  preceding  volumes  of  the  series.  In  successive  sections 
the  author  deals  with  the  anatomy  and  development  of  the  corpus  callosum, 
and  with  the  symptoms  which  result  from  its  destruction  by  vascular  lesions 
and  tumours,  and  from  its  degeneration  due  to  other  causes.  Finally  he  dis- 
cusses its  function,  especially  from  the  clinical  point  of  view,  and  points  out 
the  important  part  affections  of  it  may  play  in  the  determination  of  defect 
phenomena  in  man.  His  general  conclusion  is  that  the  corpus  callosum  is 
concerned  in  the  eupraxia  of  the  limbs,  especially  of  the  upper  extremities  ;  in 
the  integration  of  spatial  perceptions  ;  and  in  the  correlation  of  the  speech 
mechanisms  of  the  two  hemispheres  of  the  brain. 

The  author  has  collected  together  a  very  large  amount  of  material  and  has 
produced  a  volume  which  cannot  be  neglected  by  the  physiologist  or  clinician. 

FiDictional  Nervous  Disorders.      By  Donald  E.  Core.      Bristol  :  John 
Wright  and  Sons,  Ltd.     Price  25s.  net. 

The  originality  of  some  of  the  views  expressed  in  tliis  book  give  it  an 
interest  to  the  advanced  student  of  psychological  medicine. 

The  classification  of  the  functional  disorders  is  peculiarly  the  author's  own, 
and  is  based  upon  a  conception  of  etiological  factors  in  mental  illness,  particu- 
larly in  hysteria,  which  is  likely  to  be  contested  l)y  the  majority  of  psycholo- 
gists at  the  present  time.  The  functional  nervous  disorders  are  divided  into 
regressive  and  progressive  groups,  in  the  former  of  which  he  places  hysteria, 
and  in  the  latter  the  sympathetic  nervous  disorders.  lie  sulidivides  the 
progressive  group  further  into  what  he  terms  the  Instinct-Distortion  Neuroses 
and  the  Memory  Neuroses.  This  classification  is  based  mainly  on  his  concep- 
tion of  the  term  dissociation,  wliich  to  him  means  a  non-registration  of  memory 
of  liighly  emotional  incidents.  The  obsessional  neuroses  are  attributed  to 
relative  inattention,  dissociation  not  being  operative  in  the  sense  in  which  he 
uses  this  term.  He  suggests  that  the  involvement  of  the  sympathetic  nervous 
system  in  cases  belonging  to  the  progressive  group  induces  in  tlie  course  of 
time  organic  disease. 

He  is  rather  scornful  of  psycho-analysis  and  concludes  that  it  is  logically 
inapplicable  to  the  treatment  of  hysteria,  though  it  may  be  used  in  the  treat- 
ment of  what   he  terms   the  obsessional  form  of  the  memory-neurosis.     Few 
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])sychotlierai)ists  of  ex])evience  will  agree  witli  his  opinion  that  the  most 
efficient  procedure  in  analysis  is  a  thorough  and  searching  cross-examination, 
and  not  free-association.  An  interesting  chapter  is  devoted  to  a  study  of 
behaviour  in  man  compared  with  the  lower  animals  ;  the  author  arrives  at  the 
conclusion  that  although  animals  have  wliat  we  term  "  body-memory,"  depen- 
dent on  visceral  dispositions  specific  to  emotional  tones,  they  can  in  no  sense 
be  credited  witli  memory  as  wc  commonly  understand  it. 

Dr.  Core's  views  are  clearly  and  carefully  reasoned,  but  a  careful  study  of 
this  book  is  not  likely  to  diminish  the  unfortunate  confusion  of  opinion  whicli 
obtains  at  tlie  present  time  with  regard  to  the  etiology  and  treatment  of  the 
functional  nervous  disorders. 


Archives  of  Neurology  and  Psijcliiatrij.      Edited    by   Sir   Frederick 
MoTT.     Vol.  viii.     London  County  Council.     1922. 

This  volume  contains  seventeen  articles,  all  of  which  except  one  have  been 
previously  published  elsewhere,  but  neurologists  and  psychiatrists  will  be 
grateful  to  the  editor  for  having  collected  tliem  together  in  this  accessible  form. 

A  large  part  of  the  volume  is  made  up  of  studies  on  the  pathology  of 
dementia  praecox,  which  are  mainly  from  the  pen  of  the  editor.  His  Morison 
Lectures  on  the  Psychopathology  of  Puberty  and  Adolescence,  and  liis  interest- 
ing lecture  on  "  Body  and  Mind  :  tlie  Origin  of  Dualism  "  are  also  republished 
here.  Dr.  GoUa's  Croonian  lectures  on  tlie  Objective  Study  of  the  Neuroses, 
and  Dr.  Morowoka's  papers  on  the  histology  of  the  choroid  plexus  in  various 
forms  of  mental  disease,  and  the  effect  of  exposing  the  brain  to  tlie  gamma  rays 
of  radium,  are  also  included. 

Other  interesting  contributions  are  papers  on  mental  defect  and  criminal 
conduct  by  Sir  Bryan  Donkin,  on  the  neurological  aspects  of  shock  by  the 
editor,  and  on  chemical  investigations  of  the  cerebrospinal  fluid  in  epilepsy, 
and  on  the  metabolism  in  this  disease  by  Mr.  Mann. 


Anormale   Kinder.       By  L.    Scholz.      Third   edition.      Edited   by   A. 
Gregor.     Pp.  312.     Berlin  :    S.  Karger.     1922. 

The  study  and  treatment  of  abnormal  or  defective  children  has  been 
perhaps  of  recent  years  more  thoroughly  developed  in  Germany  than  elsewhere  in 
Europe;  there  attention  has  been  particularly  directed  to  the  "social"  training 
of  children  both  at  home  and  in  special  institutions  under  the  care  of  adequately 
equipped  teachers  and  physicians.  The  system  that  has  been  thus  elaborated 
certainly  compares  very  favourably  with  our  more  happy-go-lucky  methods  ; 
it  includes  the  provision  of  special  schools  for  those  who  can  remain  at  home, 
and  institutional  life  for  the  more  defective  whose  infirmities  make  it  impossible 
to  allow  them  to  mix  with  the  rest  of  the  family. 

This  book  was  originally  prepared  for  teachers  and  officers  of  institutions 
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for  defectives,  as  well  as  for  the  medical  students  and  practitioners ;  the 
additions  and  modifications  it  has  received  from  its  present  editor  have  been 
developed  with  the  same  aim.  It  is  therefore  essentially  a  practical  book.  The 
psychology  of  the  child,  the  various  types  of  mental  feebleness  and  deficiency, 
and  the  physical  traits  associated  \vitli  them,  are  first  considered.  The  following 
chapters  deal  with  nervousness,  hysteria,  epilepsy  and  the  various  psycho- 
pathies, but  the  most  striking  and  valuable  portion  of  the  Ijook  is  that  devoted 
to  treatment,  education,  and  training.  It  is  written  simply  and  directly,  and 
can  be  strongly  recommended  to  all  on  whom  fall  the  duties  of  the  care  and 
education  of  the  abnormal  child. 


PsycJiolugy. — A  Study  of  Mental  Life.      By  Kobert   S.  Woodworth. 
London  :  ^lethuen  and  Co.     1922. 

This  book  is  intended  for  students  beginning  the  study  of  psychology,  and 
its  aim  is  to  represent  to  them  in  simple  and  reasoned  fashion  the  present  state 
of  this  very  active  science.  In  this  aim  it  succeeds  exceedingly  well,  and  it 
should  prove  a  useful  and  stimulating  textbook  on  the  subject.  It  has  a 
distinctly  physiological  setting,  which  adds  to  its  value  as  a  textbook. 

Defining  psychology  as  the  science  of  behaviour,  it  studies  first  the  simplest 
forms  of  behaviour  as  illustrated  in  reflexes  and  elementary  forms  of  stimulus 
response,  and  then  passes  to  the  discussion  of  sensations,  perceptions  and 
thoughts  as  tlie  reactions  of  higher  nervous  levels  to  stimuli  of  different  kinds. 
The  "  stimulus  response  "  theory  is  then  enlarged  to  include  motives,  interests 
and  purposes  as  predisposing  tendencies  to  the  production  of  the  different 
reactions  and  responses  that  constitute  behaviour.  From  this  there  follows 
naturally  a  division  of  behaviour  into  native  and  acquired  reactions,  and  a 
consideration  of  these  two  classes  in  detail.  Several  chapters  are  devoted  to 
the  instincts  and  their  accompanying  emotions,  to  feeling  tone  and  the  various 
sensations,  to  attention  and  intelligence,  until,  finally,  we  come  to  the  discussion 
of  learning  and  habit  formation,  of  memorizing  and  the  laws  that  govern  the 
association  of  mental  processes  of  perception,  reasoning,  imagination  and  the 
will.     Last  of  all  there  is  a  chapter  on  Personality. 

The  "  unconscious  "' is  dealt  with  adequately,  and  while  very  considerable 
credit  is  given  to  the  originality  and  value  of  Freud's  views  there  is  some  very 
sane  and  unimpassioned  adverse  criticism,  whicli  is  not  the  least  valuable  part 
of  the  book  from  the  l^eginner's  point  of  view. 

Medizinische    Psychulugie.      By  Dr.  Ernst    Kretschmer.      Leipzig : 
Georg  Thieme.     1922. 

Even  to  students  and  practitioners  who  have  chosen  the  mental  illnesses 
as  their  special  department  this  little  handbook  will  be  found  of  great  interest 
and  value.       Unlike  the   majority  of  textbooks  on  this  subject  it  does  not  deal 
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with  the  disorders  of  the  mind  in  a  purely  descriptive  fasliion,  but  treats  them 
on  strictly  scientific  lines  as  results  of  disturbances  of  normal  psychological 
processes. 

Acknowledging  the  debt  that  psyciiiatry  owes  to  normal  psychology  he 
passes  on  to  a  consideration  of  mental  development,  paying  particular  attention 
to  the  part  played  by  the  emotions,  and  discusses  the  theory  of  ambivalence 
and  the  part  it  takes  in  complicating  the  affective  life  of  the  individual.  The 
precise  position  of  dream  experience  is  discussed  in  its  relation  to  the  conscious 
hfe  of  the  subject,  and  to  that  part  of  it  which  lies  outside  the  immediate 
sphere  of  awareness.  From  this  the  author  naturally  passes  on  to  a  considera- 
tion of  the  state  of  hypnosis,  and  thence  to  hysteria  and  scliizophrenia.  The 
chapter  on  the  Instincts  is  particularly  good  in  tliat  the  noimal  and  the 
abnormal  are  treated  together,  bringing  home  very  forcibly  the  fact  tliat  in  al 
divergences  from  normal  behaviour  the  underlying  processes  are  jisychologically 
unchanged,  but  inadequate  to  the  immediate  reality  at  the  time. 

The  last  chapter  discusses  fully  all  the  present-day  technical  methods  of 
investigating  mental  illnesses  from  the  psychological  point  of  view,  and  the 
necessary  therapeutic  measures.  He  appears  to  be  sympathetically  disposed 
towards  the  Freudian  technique,  but  does  not  rule  out  other  methods. 


The  Poetic  Mind.    By  Frederick  C.  Prescott.    New  York  :  Macmillan 
and  Co.      1922. 

The  author  has  applied  tlie  results  of  recent  psychological  investigations  to 
the  subject  of  poetic  inspiration,  and  has  j)roduced  a  closely  reasoned  and  well 
informed  book.  His  outlook  is  primarily  literary  rather  than  psychological ; 
psychological  concepts  are  used  to  elucidate  the  nature  of  the  poetic  impulse 
without  any  desire  to  make  a  contribution  to  pure  ])sychology.  At  the  outset 
the  author  prepares  xas  for  his  opinion  that  the  treatment  of  the  poet's  mind 
must  result  in  general  conclusions,  and  not  in  the  scientific  formulae  of  a  fixed 
science  of  aesthetics.  The  poet's  fancy  springs  from  the  vicissitudes  of  personal 
experience,  expressed  in  dream-like  form,  shaped  by  imagination  and  contorted 
by  repression,  springing  forth  to  "cleanse  the  bosom  of  that  perilous  stuff 
which  weighs  upon  the  heart." 

It  is  certainly  one  of  the  books  on  psychology  applied  to  art  tliat  repays 
reading ;  it  is  well  written  as  befits  a  literary  theme,  tentative,  sober  and 
suggestive. 

Ueher   die   Bedeutung   U7id   Entstehuiu/  der  Stereotypien.      By  Jakob 
Klasi.     Pp.  109.    Berlin  :  S.  Karger.     1922.     M.  30. 

Stereotypy,  as  defined  by  the  author,  is  the  autonomous  manifestations  of 
motor,  speech  or  psychical  functions  reiterated  over  long  i^eriods  in  exactly  the 
same  form,    and    neither  associated    with   any   emotion,   nor  adai)ted  to  any 
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objectively  purposive  end.  He  distinguishes  two  main  types:  those  of  the  one 
group  are  either  determined  by  hallucinations  and  can  be  consequently  regarded  as 
forms  of  defence  reaction,  or  they  may  be  interpreted  as  ceremonies  or  incan- 
tations for  the  reinforcing  or  symbolizing  of  a  rite  resulting  from  a  delusion  or 
liallucination.  Stereotypies  of  the  other  group  are  relics  of  a  former  occupation 
or  habit  and  were  consequently  originally  purposive  ;  these  are  distinguished 
by  the  fact  that  they  can  be  easily  modified  and  altered. 

This  monograph  is  a  valuable  study  in  a  difhcult  and  rather  neglected  region 
of  psychopathology. 


Writers  of  "Original  Articles  and  Clinical  Cases"  are  supplied  free  of  charge 
with  50  copies  reprinted  in  the  form  in  which  the  paper  stands  in  the  pages  of 
"  Brain."  If  reprints  are  required  in  pamphlet  form,  with  wrapper,  title-page, 
&c.,  and  re-numbered  pages,  they  must  be  ordered,  at  the  expense  of  the  writers, 
from  Messrs.  BALE,  SONS  &  DANIELSSON,  Ltd.,  83-91,  Great  Titchfield  Street, 
London.   W. 

Members  of  the  Neurological  Section  of  the  Royal  Society  of  Medicine  can 
obtain  the  Index  of  "Brain"  for  the  Volumes  I  to  XXIII  inclusive,  that  is,  from 
its  commencement  to  the  end  of  1900,  from  Messrs.  MACMILLAN  &  CO.,  Ltd., 
St.   Martin's  Street,  London,  W.C,  at  the  price  of  6s.  6d.,  post  free. 

To  those  who  are  not  members  of  the  Neurological  Section  of  the  Royal 
Society  of  Medicine  the  price  is  8s.  6d.  net,  and  the  volume  may  be  obtained 
through    any  bookseller. 

EDITOR. 
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BRAIN. 

PART   2,   VOL.   45. 
REFLEXES   DE   DEFENSE.^ 

PAR   J.    BABINSKI. 

Messieurs, — J'ai  entendu  racoiiter  I'anecdote  suivante :  le  grand 
seigneur  espagnol  auquel  Cervantes  a  dedie  son  livre  "  Don  Quichotte," 
voyageant  en  France  arrive  a  une  heure  tardive  dans  une  localite  ou  il 
se  propose  de  passer  la  niiit.  II  sonne  a  une  auberge  dont  le  patron, 
avant  d'ouvrir  la  porte,  deinande  a  qui  il  a  affaire.  Le  noble  gentil- 
homme  decline  ses  noms  :  Duque  de  Bejar,  Marques  de  Gibraleon,  Conde 
de  Banalcazar  y  Baiiares,  Visconde  de  la  Puebla  de  Alcocer,  Seilor  de 
las  Villas  de  Capilla,  Curiel  y  Burgnillos.  L'aubergiste,  qui  ignorait 
qu'un  espagnol  pouvait  avoir  six  ou  huit  noms  differeuts,  replique  : 
Messieurs,  vous  etes  beaucoup  trop  nombreux,  je  ne  puis  vous  loger  ; 
il  laisse  le  seigneur  dans  la  rue  et  se  prive  ainsi  d'un  bote  qui  lui  aurait 
valu  un  beau  benefice.  Une  mesaventure  un  peu  analogue  est  arrivee 
a  un  etudiant  en  medecine  desireux  d'apprendre  la  semiologie  des 
maladies  du  systeme  nerveux.  Parcourant  la  table  des  matieres  d'un 
livre  qu'on  lui  avait  recommande,  il  trouve  en  particulier,  pour  ce  qui 
concerne  I'examen  des  membres  inferieurs,  I'indication  des  signes 
suivants  :  reflexes  de  defense,  reflexe  antagoniste  de  Schaefer,  Unter- 
schenkelpbaenomen  d'Oppenheim,  reflexe  flechisseur  dorso-plantaire  de 
Bechterew,  triple  retrait  du  membre  inferieur,  pbenomene  des  raccour- 
cisseurs,  reflexes  d'automatisme  medullaire,  massreflex.  Ne  sachaot 
pas  que  toutes  ces  denominations  se  rapportaient,  au  moins  en  tres 
grande  partie,  a  un  seul  et  merae  pbenomene,  et  se  jugeant  incapable 
de  loger  dans  son  esprit  tant  de  donnees  qu'il  croyait  difierentes,  il 
renon9a  a  cette  etude  et  se  priva  ainsi  d'une  notion  facile  a  ncquerir  et 
qui  lui  aurait  ete  tres  utile. 

Je  ne  veux  pas  soutenu-  que  le  sujet  dont  je  me  propose,  de  vous 
entretenir  soit  en  tous  points  definitivement  fixe  et  ne  comporte  plus  de 
discussion  ;  vous  verrez  dans  la  suite  qu'il  n'en  est  pas  ainsi  ;  mais  je 

'  A  Lecture  delivered  at  the  Royal  Society  of  Medicine,  London,  with  presentation  of 
cases  and  cinematograph  films. 
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crois  pouvoir  dire  que  la  question  est  fort  simple  en  ce  qui  regarde  la 
clinique,  les  moyens  qu'il  faut  employer  pour  mettre  en  evidence  les 
reflexes  dont  nous  allons  nous  occuper  et  certaines  consequences  que  Ton 
peut  en  d^duire  pour  le  diagnostic. 

Me  pla^-ant  d'abord  sur  le  terrain  de  I'observation  et  ecartant  les 
interpretations  pathogeniques,  je  vais  decrire  les  phenomenes  que  j'ai  en 
vue.  II  s'agit  de  reactions  motrices  consecutives  a  des  excitations 
cutanees  on  a  des  excitations  profondes.  Pour  commencer,  jenvisagerai 
uniquement  les  reactions  observees  aux  membres  inferieurs  du  cote 
excite,  faisant  abstraction  des  orteils  (c'est  la  una  dissociation  artificielle 
il  est  vrai,  mais  vous  verrez  ulterieurement  pourquoi  je  la  fais)  et  me 
bornant  a  observer  les  mouvements  executes  par  le  pied,  la  jambe  et  la 
cuisse.  Voici  en  quoi  consistent  ces  reactions:  sous  Tinfluence  d'ex- 
citations  du  membre  inferieur  telles  que  le  frottement  de  la  plante  du 
pied  avec  une  epingle,  le  pincement  de  la  peau  de  la  region  dorsale  du 
pied  ou  de  la  jambe,  notamment  a  sa  partie  iuferieure,  il  se  produit^ 
outre  une  contraction  du  fascia  lata,  une  flexion  du  pied  sur  la  jambe, 
de  la  jambe  sur  la  cuisse,  de  la  cuisse  sur  le  bassin  ;  Tattitude  en  flexion 
se  maintient  generalement  un  laps  de  temps  appreciable  et  le  membre 
inferieur  ne  reprend  qu'avec  une  certaine  lenteur  son  attitude  primitive  ; 
dans  certains  cas,  la  contraction  musculaire  dure  dix,  quinze  secondes, 
davantage  meme,  surtout  si  I'excitation  qui  a  provoque  le  mouvement 
est  continue,  et  il  est  possible  quelquefois  de  determiner  ainsi  une  sorte 
de  contracture  transitoire. 

Ce  mode  de  reaction  (triple  flexion)  susceptible  d'etre  obtenue  par 
des  excitations  portant  sur  diverses  parties  du  membre  inferieur  est  un 
des  plus  communs  et  Ton  a  couramment  I'occasion  de  I'observer  en 
clinique.  On  le  constate  ordinairement  cbez  des  malades  presentant  des 
troubles  notables  de  la  motilite  volontaire,  et  c'est  la  qu'il  acquiert  le 
maximum  d'intensite,  mais  il  peut  etre  tres  net  chez  des  sujets  encore 
assez  valides. 

L'electrisation  avec  des  courants  voltaiques  ou  avec  des  courants 
faradiques,  I'application  d'un  corps  chaud  ou  d'un  corps  froid,  la  pression 
exercee  sur  les  parties  profondes,  les  tractions  constituent  aussi  de  bons 
procedes  d'excitation.  Bechterew,  puis  Pierre  Marie  et  Foix,  ont  recom- 
mande  une  manoeuvre  indiquee  deja  par  Charcot  et  qui  consiste  a 
flechir  forteraent  les  orteils  sur  la  plante,  en  meme  temps  qu'on  abaisse 
I'extremite  anterieure  du  pied. 

La  zone  reflexogene  est  plus  ou  moins  etendue  suivant  les  malades- 
Souvent,  elle  occupe  seulement  le  pied  et  la  jambe  et  s'arrete  approxi- 
malivement  au  genou,  mais  parfois  elle  s'etend  meme  a  la  cuisse  et  a 
une  partie  plus  ou  moins  vaste  du  tronc  ;   nous  reviendrons  ulterieure- 
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ment  sur  ce  point.  Dans  certains  cas,  tandis  que  I'excitation  du  pied 
et  de  la  jambe  donne  lieu  au  movement  babituel,  c'est  a  dire  a  la  triple 
flexion,  une  irritation  portant  sur  la  cuisse  est  suivie  d'une  extension 
des  trois  segments.  Voici  une  autre  modalite  de  la  reaction  dont  je 
m'occupe  :  le  pincement  de  la  peau  de  la  partie  inferieure  de  la  jambe 
est  suivi  d'une  flexion  du  pied  et  d'une  extension  de  la  jambe  sur  la 
cuisse  ;  j'ai  particulierement  observe  cette  modalite  cbez  des  malades 
plus  ou  moins  contractures,  dont  les  jambes,  qui  d'habitude  se  main- 
tenaient  en  extension,  avaient  ete  prealablement  placees  par  moi  en 
demi-flexion.  II  m'est  arrive  aussi  de  voir  ceci  :  I'excitation,  provoquant 
toujours  une  flexion  du  pied,  accentuait  un  pen,  pour  commencer, 
I'attitude  de  la  jambe  en  flexion,  laquelle  etait  immediatement  suivie 
d'unfort  mouvement  en  sens  inverse  qui  ramenait  la  jambe  en  extension. 
Parfois,  quel  que  soit  le  sens  du  mouvement,  flexion  ou  extension,  on 
constate  des  contractions  dans  les  muscles  de  groupes  opposes,  et  Ton 
pent  concevoir  que  le  sens  du  mouvement  soit  conditionne  en  partie  par 
la  position  ou  se  trouvent  au  moment  de  I'excitation  les  segments  du 
membre  les  uns  par  rapport  aux  autres. 

II  y  a  de  grandes  differences  en  ce  qui  concerne  I'intensite  des 
reflexes,  I'amplitude  des  mouvements.  Tantot,  le  moindre  attoucbe- 
ment  de  la  peau  d'un  membre  sufflra  a  declencher  une  flexion  tres 
prononcee  de  tons  ses  segments  et  amenera  une  serie  de  mouvements 
alternatifs  de  flexion  et  d'extension  ;  tantot,  au  contraire,  le  pincement 
tres  vif  de  la  peau  ne  determinera  qu'avec  peine  une  simple  flexion  du 
pied.  Entre  ces  types  extremes  se  placent  tons  les  intermediaires.  En 
outre,  il  est  a  remarquer  que  si,  pour  chaque  malade,  il  existe,  au  cours 
d'un  examen,  une  certaine  proportionalite  entre  I'intensite  de  I'excitation 
et  celle  de  la  reaction,  le  rapport  entre  ces  deux  elements  pent  variei- 
notablement  lorsque  Ton  considere  les  resultats  de  deux  examens 
pratiques  a  quelques  jours  ou  raeme  a  quelques  heures  d'intervalle. 

La  description  qui  precede  se  rapporte  a  des  observations  faites  sur 
des  sujets  atteints  d'affections  organiques  interessant  la  voie  pyramidale. 

Mais,  avant  d'aller  plus  loin,  je  dois  discuter  les  questions  suivantes  : 
les  reactions  signalees  sont-elles  toutes  patbologiques ;  quelques-unes 
dentre  elles  peuventelles  au  contraire  etre  obtenues  a  letat  pbysio- 
logique  ;  y  a-t-il  des  caracteres  permettant  d'afiirmer  la  nature  patho- 
logique  de  ces  reactions  ou  de  quelques-unes  dentre  elles  ? 

Pour  resoudre  le  probleme,  il  est  indispensable  d'avoir  examine  un 
''rand  nombre  d'individus  normaux  et  de  savoir  comment  chez  eux  les 
niembres  inferieurs  se  comportent  vis-a-vis  d'excitations  diverses.  Or, 
voici  ce  qui  parait  bien  etabli.  Une  excitation  de  la  plante  du  pied  telle 
que  le  frottement  avec  une  epingle  est  souvent  suivie,  elimination  faite 
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<lu  inouveiuent  des  orteils  sur  lequel  je  revieudrai  ulterieurenient,  dune 
contraction  du  fascia  lata  que  Brissaud  a  tres  bien  decrite  et  d'une  flexion 
du  pied,  de  la  janibe  et  de  la  cuisse.  Ce  sont  la  les  memes  niouve- 
nients  que  ceux  qu'on  observe  a  I'etat  pathologique.  Mais  cliez  le  sujet 
iionual  la  contraction  est  rapide,  de  courte  duree,  tandis  que  chez  les 
nialades  dont  il  est  question  lattitude  en  flexion  obtenue  par  I'excitation 
plantaire  se  luaiiitient  generalement  quelque  temps  et  ne  reprend  que 
lentement  sa  position  primitive,  ainsi  que  je  I'ai  dit  piecedemment  ; 
en  outre  cbez  ces  derniers,  laniplitude  du  mouvement  est  bien  plus 
marquee  d'habitude.  Ces  differences  sont  souvent  suffisantes  pour  etablir 
une  ligne  de  demarcation  nette  entre  I'etat  physiologique  eb  I'etat  patho- 
logique. Toutefois,  en  se  fondant  uniqtiement  sur  ce  qui  vient  d'etre  dit, 
des  ni^decins  encore  peu  ex'perimentes  en  clinique  neurologique  et  n'ayant 
pas  la  vision  precise  de  la  forme  des  mouvements  reflexes  pathologiques 
seraient  exposes  a  des  erreurs  :  ajoutons  a  cela  que  ces  mouvements 
n'ont  pas  toujours  la  lenteur  ci-dessus  decrite. 

Un  autre  caractere  plus  important  et  conduisant  a  distinguer  I'etat 
physiologique  de  I'etat  pathologique  est  le  suivant  :  chez  Thomme 
normal,  I'excitation  d'une  region  quelconque  du  membre,  hors  de  la 
plante  du  2ned,  si  elle  peut  provoquer  un  mouvement  de  flexion  de  la 
cuisse  et  de  la  jambe,  ne  donne  jamais  lieu  a  la  flexion  du  pied.  Je  crois 
utile  d'appuyer  sur  ce  point.  Sans  doute,  le  retrait  de  la  cuisse  et  celui 
de  la  jambe  qu'on  peut  observer  alors  semblent  volontaires  et  different 
d'habitude  des  reactions  reflexes  par  les  caracteres  du  mouvement,  ainsi 
'jue  par  ce  fait  que  la  contraction  speciale  du  tenseur  du  fascia  lata  signalee 
plus  haut  fait  defaut  ;  mais,  je  le  repete,  sans  autres  moyens  distinctifs, 
la  confusion  entre  I'etat  physiologique  et  I'etat  pathologique  pourrait 
etre  malaisee  a  eviter.  Au  contraire,  I'absence  pour  ainsi  dire  constante 
de  la  flexion  du  pied  chez  le  sujet  normal  (exception  faite  pour  un  cas  de 
simulation  qu'on  pourrait  d'ailleurs  depister)  rend  siujple  la  solution  du 
probleme.  La  flexion  du  pied  ohtenue  par  Vexcitation  d'une  autre  region 
que  la  plante  du  pied  pennet  d'affirmer  qu'on  a  affaire  a  un  etat  murhide. 

Ce  sigtie  a  lui  seul  me  parait  done  deci.sif ;  c'est  le  criterium  de  I'etat 
pathologique.  II  va  sans  dire  que  la  conviction  qu'il  entratne  ne  peut 
que  se  fortifier  lorsque  ce  caractere  s'associe  au  precedent,  a  la  lenteur 
de  la  contraction  et  surtout  de  la  decontraction.  Au  risque  de  decourager 
I'etudiant  doiit  je  vous  parlais  au  dei^ut  de  cette  Conference,  je  propose 
une  expiession  nouvelle  :  "  signe  de  la  flexion  re/iexe  du  pied"  poar 
designer  les  reflexes  pathologiques  que  nous  etudions.  Le  nioyen  le  plus 
simple  pour  constater  ce  phenomeiie  est  de  pincer  la  peau  du  dos  du 
pied  ou  de  la  partie  inferieure  de  la  jambe.  J'msiste  aupres  de  ceux  de 
mes  auditeurs  qui  sont  des  debutants  sur  I'interet  qu'il  y  a  a  connaitre  ce 
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signe,  lequel  a  le  double  merite  d'etre  d'nne  exploration  tres  facile  et 
d'avoir  une  grande  valeur  cliiiique  puisqu'il  decele  I'existence  d'une 
perturbation  de  la  voie  pj-ramidale,  que  celle-ci  siege  dans  I'enc^phale 
ou  dans  la  luoelle.  S'iis  retienneiit  senlement  cette  donnee,  j'aurai  la 
satisfaction  de  croire  qu'ils  n'ont  pas  perdu  I'heure  qu'ils  ont  bien  voulu 
me  consacrer. 


Le  retrait  du  membre  inferieur,  et  notaniment  la  flexion  du  pied, 
a  manifestemeiit  des  rapports  assez  etroits  avec  le  signe  des  orteils, 
puisqne  ces  deux  pbenomenes  paraissent  bien  caracteiistiqiies  d'une 
perturbation  de  la  voie  pyramidale ;  ces  deux  reactions  motrices  se 
produisent  geu^ralement  dans  les  memes  conditions  et  suivant  un  mode 
semblable  ;  je  viens  de  dire  que  dans  la  triple  flexion  la  contraction  et 
surtout  la  decontraction  sont  lentes  ;  or,  dans  mon  travail  sur  le 
phenomene  des  orteils,  en  1898,  je  faisais  deja  remarquer  que  le  plus 
souvent  I'extension  des  orteils  (reaction  pathologique)  est  executee  avec 
plus  de  lenteur  que  la  flexion  des  orteils  (reaction  normale).  Je  suis  tres 
porte  a  admettre — j'y  reviendrai  plus  loin — que  la  pathogenie  du  signe 
des  orteils  ressemble  a  celle  de  la  triple  flexion.  Mais  envisageant  la 
question  du  point  de  vue  clinique  et,  com  me  je  I'ai  dit  dans  mon  travail 
sur  les  reflexes  de  defense  public  en  1914,  "  mettant  absolument  de  cote 
tout  ce  qui  concerne  I'interpretation  physiopathologique  de  ces  pbe- 
nomenes," j'ai  soutenu  que  les  liens  entre  les  reflexes  dits  de- defense  et 
le  pbenomene  des  orteils  ne  sont  pas  indissolubles,  que  par  consequent 
il  y  avait  lieu  de  ne  pas  les  fusionner  completement. 

MM.  Marie  et  Foix,  tout  en  admettant  qu'ils  peuvent  etre  dissocies 
et  tout  en  reconnaissant  que  je  n'ai  pas  pretendu  qu'il  y  eut  difference 
absolue  de  nature  entre  le  signe  des  orteils  et  les  reflexes  cutaues  de 
defense,  declarent  etre  d'un  avis  contraire  au  mien.  "Pour  nous,  au 
contraire,"  ecrivent  nos  collegues,  "  le  signe  de  Babinski  appartient  a 
I'ensemble  des  mouvements  automatiques  complexes  dont  le  mecanisms 
est  un  mecanisme  de  marche," 

M.  Walsbe,  sans  etre  d'accord  avec  les  auteurs  precedents  sur  le 
mecanisme  de  ces  reactions  motrices,  ne  veut  etablir  aucune  distinction 
entre  ces  deux  pbenomenes  et  il  ecrit  que  tandis  que  je  regarde  la  triple 
flexion  conmie  de  nature  defensive,  je  considere  1'  "extensor  response" 
comme  un  reflexe  distinct  et  separe,  une  chose  a  part  pour  laquelle  je 
n'ofi're  pas  d'explication  et  qui  resterait  pour  moi  un  signe  mystique  et 
inexplicable  d'affection  du  faisceau  pyramidal.  Je  repondrai  a  cela  que, 
si  je  n'ai  pas  cherche^  a  expliquer  le  phenomene  des  orteils  quand  je  I'ai 
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decrit.  je  n'ai  jamais  dii  (jnil  fut  inexplicable,  et  je  ne  vois  pas  bien  ce 
qu'il  Y  a  de  mystique  a  se  cantonner  dans  le  doniaine  de  I'observation 
olinique  ;  jaurais  plutot  merite  le  reproche  d'etre  "  terre  a  terre." 

II  est  incontestable,  je  le  repete,  que  I'c^xteiision  leHexe  des  orteils  et 
la  flexi(ni  reflexe  du  pied  sont,  dans  la  majorite  des  cas,  associees 
et  je  serais  sans  doute  le  dernier  a  le  nier,  ayant  ete  le  premier  a  signaler 
en  1900,  ii  propos  du  travail  de  Scbaefer  sur  le  r^ilexe  antagonists  du 
pied,  dont  je  vous  eutretiendrai  dans  un  instant,  que,  dans  I'hemiplegie 
organ ique,  le  pincement  de  la  peau  en  diverses  parties  du  pied  et  de  la 
jauibe  peut  provoquer  a  la  fois  ces  deux  reactions.  Mais,  encore  une  fois, 
lune  peut  se  produire  sans  I'autre,  On  peut  observer  non  senlement  le 
phenonjene  des  orteils  en  I'absence  du  signe  de  la  flexion  reflexe  du  pied 
mais  aussi  la  disposition  inverse. 

J'ai  cite  autrefois,  a  I'appui  de  mon  opinion,  une  Observation  anatomo- 
clinique  relatee  par  Dejerine,  Levi-Valensi  et  Long  [14,  15]:  il  s'agissait 
dun  cas  de  paraplegie  par  section  complete  de  la  moelle  ou  il  existait,  en 
meme  temps  que  des  reflexes  de  defense  tres  nets,  une  flexion  plantaire 
des  orteils  des  plus  Tranches  ;  il  est  a  remarquer  qu'il  n'y  avait  pas  trace 
de  reaction  de  degenerescence  dans  les  muscles  de  la  jaiube.  M.  Walshe 
recuse  cette  Observation  a  cause  du  passage  suivant  qu'on  y  trouve  : 
"  Les  pieds  sont  en  varus  equin  et  les  orteils  en  flexion.  Cette  deforma- 
tion est  aujourd'hui  fixee  par  des  retractions  fibro-musculaires."  La 
critique  de  M.  Walsbe  n'est  pas  sans  valeur.  Mais  il  y  a  tout  lieu  de 
penser  que  ces  retractions  n'etaient  pas  assez  marquees,  au  moins 
pendant  un  certain  laps  de  temps,  pour  entraver  I'exploration  des 
reflexes,  car  M.  Dejerine  donne  a  cet  egard  des  renseignements  tellement 
circonstancies  qu'un  doute  ne  peut  gucre  subsister.  II  ecrit  en  effet  : 
"J'arrive  maintenant  a  une  question  encore  plus  importante  peut-etre 
que  les  precedentes,  a  savoir  I'etat  du  rejiexe  cutane  plantaire.  Pendant 
les  six  mois  que  passa  ce  malade  dans  mon  service,  le  reflexe  cutane  de 
la  plante  du  pied  se  faisait  des  deux  cotes  en  flexion  plantaire,  c'est  a 
dire  comme  a  I'etat  physiologique." 

Je  rappelle  aussi  I'observation  publiee  par  Pastine  ['27]  se  rapportant 
a  un  sujet  atteint  de  paraplegie  motrice  absolue  avec  troubles  tres 
accentues  de  la  sensibilite  superficielle  et  profonde  des  membres  infe- 
rieurs.  J 'extrais  de  ce  travail  le  passage  suivant:  "  Le  fait  interessant 
pour  la  question  qui  nous  occupe  me  seinble  etre  celui-ci  :  la  possibilite 
presque  constante  d'obtenir,  par  une  excitation  plantaire  un  peu  forte 
ou  rep^tee,  ou  encore  mieux  par  un  pincement  energique  de  la  peau  du 
dos  des  pieds,  le  mouvement  reflexe  de  flexion  du  pied,  de  la  jambe  et  de 
la  cuisse  associe  a  la  flexion  nette  de  tons  les  orteils,  et  par  une  excitation 
minimale  du   bord   plantaire  externe,   le   signe  de  Babinski    nettement 
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positif  et  isolt';.  Dans  ce  cas,  c'est  la  flexion  dii  gros  orteil  qui  fait  partie 
du  monvenient  general  de  retrait,  et  pourtant  I'extension  pathologique 
du  meme  orteil  exists  dans  touts  sa  purste." 

Du  rests,  deja  dans  un  travail  publie  par  moi  en  mars  1890  ['2],  bast' 
en  particulier  sur  une  observation  qui  est  un  type  de  paraplegic  en 
flexion,  avec  mouvements  spasmodiquss  intsrmittents  accsntuant  la 
flsxion  des  cuisses  et  des  jambss,  il  est  dit  expressement  que  le  reflexe 
cutane  plantaire  est  normal. 

Des  experiencss  de  M.  Ozorio  de  Almeida,  confirmees  par  moi,  ont 
montre  que  chez  des  sujets  presentant  le  signe  des  orteils,  une  compres- 
sion da  meinbre  inferieur  avec  uns  bands  elastique  peut  amener  transi- 
toirement  la  reapparition  du  mouvement  reflexe  de  flexion  des  orteils  ; 
or,  le  pied  psut  continusr  alors  a  sxecuter  un  mouvement  reflexe  en 
flexion  a  la  suite  de  I'excitation  ds  sa  region  dorsals. 

MM.  Maris  st  Foix,  dans  un  article  sur  "  les  reflexes  d'automatisme 
medullairs  [22]  ,"  scrivsnt  a  ce  sujet :  "  Nous  avons,  sur  la  plupart  de  ess 
points,  pu  reproduire  les  experiences  de  Babinski,  mais  I'interpretation 
que  nous  inclinons  a  donner  nous  apparait  comme  tres  difl'erente  de  la 

sienns  " "II  est  aise  de  se  convaincre 

par  I'observation  attentive  que  I'application  de  la  bande  d'Esmarch 
agit  en  suppriraant  momentanement  I'excitabilite  reflexe  des  muscles 

ischemics "     Les  muscles  extenssurs,  par  suits  dss 

dispositions  anatomiquss,  subiraient  une  ischemic  plus  intense  que  les 
flechisseurs. 

L'interpretation  donnee  par  mes  collegues  me  scmble  discutabls. 
Ells  ns  permst  gusrs  ds  comprendrs  cs  fait  note  chez  certains  sujets  sc 
(jus  je  rappelle  :  avant  la  compression,  reflexe  plantaire  toujours  en 
extension  quelle  que  soit  la  region  de  la  plante  que  Ton  excite ;  apres  la 
compression,  reflexe  en  extension  ou  en  flexion  suivant  qu'on  excite  le 
bord  externe  ou  le  bord  interne  de  la  plante. 

De  plus,  en  variant  la  duree  de  la  compression,  j'ai  fait  plusieurs  fois 
les  constatations  suivantes  :  apres  avoir  enleve  la  bande  a  un  moment 
od  le  reflexe  sc  faisait  encore  en  extension,  j'ai  vu  cependant,  au 
bout  de  quelques  instants,  au  retour  de  I'irrigation  sanguine,  le  reflexe 
en  flexion  remplacer  pour  quelqus  temps  Is  mouvsmsnt  reflexe  precedent. 
II  m'sst  arrive  alors  d'observer,  apres  avoir  pince  la  peau  de  la  jambs  ou 
du  dos  du  pied,  la  flexion  des  orteils  associ^e  a  une  forte  flexion  du  pied. 

Ces  faits  ne  sont  guere  en  concordance  avec  l'interpretation  proposee 
par  MM.  Marie  et  Foix.  D'ailleurs,  ccUc-ci  serait-elle  justs,  slls  n'in- 
tirmsrait  pas  ma  these,  car  me  playant  simplement  sur  le  terrain 
de  I'observation,  et  sans  contester  aucunement  les  relations  qui  unissent 
la  flexion  reflexe  du   pied  avec  I'extension   des  orteils,   les  connaissant 
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lueiue  depiiis  plus  de  vingt  ans,  coiiime  je  viens  de  le  dire,  j'ai  voulu 
«''tablir  qu'il  pouvait  y  avoir  dissociation  de  ces  deux  plionom^nes. 
Les  cas  ou  cette  dissociation  existe,  sans  etre  tres  conimuns,  ne 
sont  pas  tout  a  fait  exceptionnels  ;  j'eu  ai  observe  deja  un  assez 
i^rand  nonibre  et  vous  aurez  I'occasion  de  la  constater  vous-niemes 
sur  I'un  des  films  que  je  ferai  passer  devant  vos  yeux.  11  s'agit  d'un 
malade  atteint  de  paraplegic  incomplete  liee  vraisemblablement  a  une 
plaque  de  sclerose :  d'un  cote  on  observe  la  trepidation  epilepto'ide  du 
pied  et  le  triple  retrait  associe  a  I'extension  du  gros  orteil  ;  de  I'autre 
c6te  la  trepidation  epileptoide  et  le  triple  retrait  existent  nettement, 
mais  ce  dernier  phenomene  coincide  avec  un  reflexe  plantaire  en  flexion 
bien  qu'il  n"existe  pas  de  reaction  de  degeuerescence  dans  les  muscles  de 
la  jambe. 

Avant  de  terminer  ce  chapitre,  je  ferai  remarquer  que  Marie  et  Foix, 
malgre  leur  desaccord  apparent  avec  moi,  semblent  avoir  dans  le  fond 
une  opinion  analogue  k  la  mienne,  puisque  dans  leur  premier  article  sur 
le  retrait  reflexe  du  membre  inferieur  [21]  ils  ecrivent  ceci :  "  II  (le 
retrait  reflexe)  est  extremement  frequent  dans  I'hemiplegie  constituee. 
II  est  en  general  associe  au  signe  de  Babinski,  mais  ne  lui  est  pas  super- 
posable.  On  I'observe  en  effet  en  dehors  de  ce  signe,  particuliere- 
luent  chez  certains  pseudo-bulbaires,  ou  dans  certains  cas  d'hemiplegie 
ancienne''  ;  et,  dans  un  deuxieme  travail  sur  les  reflexes  d'automatisme 
meduUaire  [22],  ils  ecrivent  encore:  "  L'on  peut  cependant  voir,  dans 
les  cas  oil,  par  suite  du  combat  entre  le  reflexe  normal  en  flexion  et  le 
reflexe  pathologique  en  extension,  le  mouvement  des  orteils  est  nul  ou 
meme  en  flexion,  le  signe  des  raccourcisseurs  etablir  une  lesion  que  la 
recherche  du  signe  de  Babinski  n'avait  pu  depister." 

N'est-ce  pas  absolument  con  for  me  a  ce  que  j'ai  soutenu  ? 

II  me  semble  interessant,  a  I'appui  de  ma  these,  de  noter  que  M.  Van 
Woerkom,  dans  un  travail  "  Sur  la  signification  physiologiquedes  reflexes 
cutanes  des  membres  inferieurs  "  [33],  ecrit  ceci :  "  Pourtant,  le  lien  qui 
relie  le  signe  de  Babinski  au  '  flexion  reflexe    n  est  pas  indissoluble. ' 


Contrairement  a  I'usage  suivant  lequel  I'expose  d'une  question  est 
generalement  precede  de  I'indication  des  noms  de  ceux  qui  s'en  sont 
principalement  occupes,  j'ai  cherche  d'abord  a  faire  une  description  des 
faits  cliniques  suffisante  pour  bien  delimiter  mon  sujet.  Je  crois  le 
moment  venu  de  faire  un  historique,  surtout  etant  donne  que  j'ai  deja 
ete  entraine  a  signaler  quelques  controverses  entre  neurologistes. 

Les  phenomfenes  que  nous  etudions  paraissent  avoir  ete  mentionnes 
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pour  la  premiere  fois  en  1784  par  Prochaska.  L  experience  faite  par  cet 
auteur  a  ete  maintes  fois  reproduite  depuis ;  Schiff,  Vulpian,  Brown- 
Sequard,  pour  ne  cifcer  que  quelques-uns  des  physiologistes  qui  se  sent 
occupes  des  reflexes  de  defense,  ont  vu  comnieProchaska  qu'une  grenouille 
ou  "un  mammilere  doiit  on  sectionne  la  moelle  dorsale  retire  brusque- 
ment  la  patte  en  flechissant  les  divers  segments  de  ce  membre  les  uns 
sur  les  autres  quand  on  en  pique  I'extreniite. 

Ce  mouvement  reproduit  assez  exacteraent  celui  qu'etfectue,  sous  la 
meme  excitation,  une  grenouille  dont  la  moelle  est  intacteetqui  chercbe 
a  se  derober  a  I'injure  exterieure,  a  se  defendre.  Le  pbeuomene  fut 
pour  cela  qnalifie  de  "mouvement  reflexe  de  defense,"  et  I'usage  a  con- 
sacre  cette  denomination. 

Les  physiologistes  seuls  s'occnperent  d'abord  de  ces  mouvements 
particuliers.  Vulpian,  Brown-Sequard  signalent  il  est  vrai  leur  existence 
dans  les  tumeurs  de  la  moelle  et  dans  quelques  autres  affections  de  cette 
partie  du  nevraxe,  mais  ils  n'en  indiquent  pas  la  valeur  semiologique 
precise. 

L'attention  qu'on  leur  avait  pretee  fut  meme  bientot  tres  reduite 
lorsqu'on  acquit  la  connaissance  des  reflexes  tendineux  et  qu'on  s'attacha 
a  leur  ^tude.  La  brievete  des  mentions  qu'on  trouve  an  sujet  des 
reflexes  de  defense  dans  les  meilleurs  traites  classiques  de  neurologie 
fait  foi,  d'ailleurs,  de  ce  reel  discredit. 

C'est  depuis  vingt-cinq  ans  environ,  et  a  la  suite  de  ma  communica- 
tion sur  le  reflexe  cutane  plantaire  et  le  phenomene  des  orteils,  que 
l'attention  a  ete  denouveau  dirigee  sur  les  reflexes  de  defense,  bien  qu'on 
se  soit  servi  parfois  d'autres  termes  pour  designer  les  faits  qui  s'v 
rapportaient. 

Schaefer,  dans  un  travail  publie  en  novembre  1899  [81  j,  decrit 
un  phenomene  reflexe  dont  voici  les  caracteres  :  lorsqu'on  presse 
energiquement,  entre  le  pouce  et  I'index,  le  tendon  d'Achille  dans 
son  tiers  raoyen  ou  son  tiers  superieur,  on  provoque  chez  I'individu 
sain  une  sensation  de  douleur  legeie  et  en  meme  temps  une  tres 
faible  extension  du  pied  et  parfois  aussi  une  flexion  des  orteils.  Or, 
dans  certains  cas  pathologiques,  chez  des  malades  atteints  d'hemiplegie 
cerebrale  organique,  la  meme  manoeuvre  donne  lieu  a  une  sensation  de 
douleur  plus  intense  et,  en  outre,  a  une  flexion  du  pied  ainsi  qu'a  une 
extension  des  orteils  du  cote  paralyse.  Ce  reflexe  pathologique  se  dis- 
tinguerait  des  autres  reflexes  tendineux  parceque  la  reaction,  au  lieu  de 
s'opdrer  dans  le  muscle  dont  le  tendon  est  excite,  se  manifesterait  dans 
les  antagonistes,  d'ou  la  denomination  de  rrfiexc  antafjoniste  que  Schaefer 
propose  de  donner  a  ce  phenomene. 

Ainsi  que  je  I'ai  dit  dans  une  communication  a  la  Societe  de  Neurologic 
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en  Janvier  1900,  il  est  aise  de  verifier  les  faits  de''crits  par  Schaefer  qui 
sont  absolument  exacts,  luais  ses  deductions  coniportent  des  critiques  : 
d'une  part,  I'extensiou  des  orteils  qu'il  indiqiie  n'est  autre  chose  que  le 
phenomene  des  orteils  decouvert  anterieureiuent ;  d'autre  part,  rien 
n'autorise  a  admettre  que  la  reaction  obtenue  dans  les  experiences  de 
Schaefer  constitue  un  reflexe  tendineux  antagoniste.  J  ai  ujontre,  en 
effet,  que  chez  les  hemiplegiques  qui  presentent  ces  reactions,  extension 
des  orteils  et  flexion  dn  pied,  celles-ci  sont  generalement  obtenues  par  le 
pincenient  de  la  peau  seule  dans  le  voisinage  du  tendon  ou  encore  en 
dantres  parties  du  niembre  inferieur.  Connne  on  le  voit,  ces  observa- 
tions ont  conduit  a  cette  notion  nouvelle,  dont  j'ai  fait  ressortir  precedem- 
inent  I'interet,  qu'une  excitation  da  menibre  inferieur,  hors  de  la  zone 
plantaire,  incapable  de  produire  une  flexion  reflexe  du  pied  a  I'etat 
normal,  pent  en  determiner  une  dans  I'hemiplegie  organique,  affection 
dans  laquelle  la  voie  pyramidale  est  interessee. 

Les  reactions  decrites  ulterieurement  par  Oppenheim  sous  la  denomi- 
nation d'  "  Unterschenkelphaenomen  "  dans  les  affections  pyramidales 
sont  identiques  aux  precedentes.  Voici  en  quoi  elles  consistent :  tandis 
que  I'excitation  des  teguments  de  la  partie  interne  de  la  jambe  provoquee 
par  le  frottement  ne  determine  a  I'etat  normal  aucun  reflexe,  ou  seule- 
ment  une  flexion  des  quatre  petits  orteils,  cette  excitation,  dans  les  cas 
oh  il  y  a  une  lesion  de  la  voie  pyramidale,  produit  une  contraction  des 
muscles  extenseur  propre  du  gros  orteil,  jambier  anterieur,  extenseur 
commun  des  orteils  et  parfois  des  muscles  peroniers. 

Van  Gehachten  [H2],  en  aout  1900,  dans  une  etude  "  sur  les 
reflexes  cutaues  et  les  reflexes  tendineux,"  s'occupe  particulierement  des 
reflexes  de  defense  dans  les  lesions  atteignanl  le  systeme  pyramidal ;  il 
se  sert  de  ces  termes :  "  mouvement  de  retrait  brusque  de  tout  le 
membre :  flexion  du  pied  sur  la  jambe,  de  la  jambe  sur  la  cuisse,  de  la 
cuisse  sur  le  bassin,  avec  mouvements  d'adduction  de  la  cuisse." 

Je  reviens  sur  ce  sujet  dans  un  travail  publie  en  1904  a  la  Societe  de 
Neurologic  et  intitule  :  "  Sur  la  transformation  du  regime  des  reflexes 
catanes  dans  les  affections  du  systeme  pyramidal." 

Bechterew  [11]  en  1900  a  publie  une  note  sur  les  mouvements 
reflexes  produits  par  la  manoeuvre  qui  consiste  a  flechir  le  pied  et  les 
orteils. 

En  raai  1910,  nous  cherchons,  Jarkowski  et  moi  [7],  a  utiliser  les 
reflexes  de  defense  pour  determiner  le  niveau  inferieur  d'une  lesion 
spinale. 

En  juillet  1910,  Pierre  Marie  et  Foix  publient  leur  premier  travail 
sur  ce  sujet  [21].  II  est  intitule  :  "  Sur  le  retrait  du  membre  inferieur 
provoque  par  la  flexion  forcee  des  orteils." 
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En  1910  Claude  [13]  traite  de  Ihyperkinesie  reflexe  qii'on  pent 
observer  au  membre  superieur. 

En  Janvier  1911  [8],  je  decris  "  la  paraplegic  spasmodique  avec 
contracture  en  flexion  et  contractions  musculaires  involontaires  "  et  je 
fais  ressortir  les  liens  qui  I'unissent  aux  reflexes  de  defense.  En  niai 
1912,  je  reviens  sur  ce  sujet  [4], 

Nouveau  travail  de  Marie  et  Foix  en  mai  1912  [22],  intitule  :  "  Les 
reflexes  d'automatisme  medullaire  et  le  phenomene  des  raccourcisseurs. 
Leur  valeur  semiologique.     Leur  signification  physiologique." 

En  1912,  memoire  de  van  Woerkom  [38]  :  "  Sur  la  signification 
physiologique  des  reflexes  cutanes  des  membres  inferieurs." 

En  1914-1915  [6],  je  publie  une  etude  sur  les  reflexes  de  defense, 
et  quelques  semaines  plus  tard  Pierre  Marie  et  Foix  [23]  font  paraitre 
a  leur  tour  nn  memoire  sur  "  les  reflexes  d'automatisme  medullaire  dits 
de  defense." 

Dans  un  travail  intitule  :  "  Quelques  remarques  sur  les  reflexes  de 
defense  dits  d'automatisme  medullaire  "  [18],  Jarkowski  discute  la 
pathogenic  de  ces  phenomenes. 

Voici  maintenant  indication  de  plusieurs  travaux  sur  le  sujet  qui 
nous  occupe  qui  sont  I'ceuvre  de  neurologistes  anglais  : 

F.  M.  li.  Walshe:  "The  Physiological  Significance  of  the  Keflex 
Phenomena  in  Spastic  Paralysis  of  the  Lower  Limbs"  [84],  et  "  On 
the  Genesis  and  Physiological  Significance  of  Spasticity  and  other 
Disorders    of    Motor   Innervation"    [85]. 

Henry  Head  and  George  Kiddoch :  "  The  Automatic  Bladder, 
Excessive  Sweating  and  some  other  Keflex  Conditions  in  Gross  Injuries 
of  the  Spinal  Cord  "  [17]. 

George  Kiddoch  :  "  The  Reflex  Functions  of  the  Completely  Divided 
Spinal  Cord  in  Man "  [28],  et  "  The  Clinical  Picture  of  Complete 
Transverse  Division  of  the  Spinal  Cord  "  [29]. 

George  Kiddoch  and  Farquhar  Buzzard  :  "  Reflex  Movements  and 
Postural  Reactions  in  Quadriplegia  and  Hemiplegia,  with  especial 
reference  to  those  of  the  Upper  Limb  "  [80]. 

Je  fais  une  place  a  part  au  grand  physiologiste  Sherrington  dont  les 
decouvertes  ont  oriente  les  recherches  des  neurologistes  anglais  et  les 
ont  inspires  dans  leurs  interpretations  des  faits  cliniques  observes.  Le 
nom  de  Phiiipson,  collaborateur  de  Sherrington,  merite  aussi  d'etre 
particulierement  retenu. 


Apres  ce  court  historique,  reprenons  le  fil  de  nos  idees.     J'ai  dit  que 
si  le  lien  entre  les  reflexes  de  defense  pathologiques,  notannnent  la  flexion 
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retiexe  du  pied  et  le  signe  des  orteils,  nest  pas  indissoluble,  il  est  pouitant 
assez  ('"troit. 

Rt  qnelles  sont  les  relations  entre  ces  diverses  reactions  et  la 
siureflectivitr  tendineuse  qui  elle  aussi  constitue  une  signe  de  perturba- 
tion de  la  voie  pyramidale  ?  On  pent  dire,  a  priori,  que  ces  deux  ordres 
de  plu'nonienes  doivent  etre  souvent  assocics,  mais  c'est  une  liaison 
beaucoup  nioindre  que  la  precedente.  Dans  le  tabes  dorsal  spasniodique 
avec  surreHectivite  tendineuse  extremenient  forte,  la  flexion  reflexe 
dn  pied  est  generalement  faible  ou  meine  fait  defaut,  ce  qui,  a  la  verite, 
))Ourrait  tenir  a  la  contracture  en  extension  qui  entrave  la  manifestation 
des  reflexes  de  defense.  Dans  I'hemiplegie  organique  avec  exageration 
notable  des  reflexes  tendineux  et  trepidation  epileptoide,  la  flexion  reflexe 
du  pied  pent  aussi  manquer  de  menie  qu'il  y  ^  parfois  absence  dn  signe 
des  orteils. 

Mais  ce  qui  est  plus  frappant  c'est  la  disposition  inverse:  affaiblisse- 
nient  ou  abolition  des  reflexes  tendineux  avec  exageration  notable  des 
reflexes  de  defense.  C'est  ce  qu'on  observe  d'babitude  dans  la  nialadie 
de  Friedreich;  c'est  ce  qu'on  pent  voir  dans  le  tabes  associe  a  une  lesion 
pyramidale.  J'ai  insiste  deja  en  1898,  dans  un  travail  relatif  au 
pbenomene  des  orteils  [1],  sur  la  coexistence  de  ce  signe  avec  la 
subreflectivite  ou  I'irreflectivito  tendineuse.  "  J'ai  constate,  disais-je, 
ce  pbenora^ne  dans  plusieurs  cas  d'heraiplegie  recente  flasque,  ou  les 
reflexes  tendineux  etaient  normaux,  affaiblis  ou  meme  abolis  du  cote 
paralyse." 

On  observe  trcs  couramraent  des  malades  atteints  de  paraplegic 
crurale  plus  ou  moins  marqnee  avec  reflexes  tendineux  normaux,  sans 
trace  de  trepidation  epileptoide  du  pied  et  avec  reflexes  de  defense  tres 
caracterises.  Je  suis  convaincu,  certain  meme,  qu'autrefois  beaucoup 
de  malades  de  ce  genre  ont  ele  consideres  comme  atteints  de  paraplegic 
hysterique.  Ces  erreurs  sont  devenues  bien  plus  rares  depuis  que  la 
connaissance  des  signes  en  question  s'est  repandue  parmi  les  praticiens. 

Dans  la  paraplegic  en  flexion,  sur  laquelle  je  reviendrai  plus  loin  et 
dont  le  trait  le  plus  essentiel  est  I'exageration  des  reflexes  de  defense, 
les  reflexes  tendineux  peuvent  aussi  etre  exageres,  mais  il  n'en  est  pas 
toujours  ainsi:  ils  sont  parfois  d'une  intensite  moyenne,  lis  peuvent  etre 
faibles  et  semblent  meme  abolis  dans  certains  cas  Je  sais  bien  que 
I'exploration  des  reflexes  tendineux  est  rendue  quelquefois  difficile  par 
les  retractions  fibro-tendineuses,  par  I'intensite  et  la  frequence  des 
spasraes  qui  se  produisent ;  mais  en  renouvelant  les  explorations  a 
plusieurs  reprises,  en  saisissant,  pour  les  pratiquer,  les  moments  oii  le 
spasme  cesse,  il  est  ordinairement  possible  de  se  rendre  compte  de  I'etat 
de  la  reflectivite  tendineuse.    8i  jai  bien  compris  ce  qu'a  ecrit  M.  Walshe 
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k  ce  sujet,  il  est  d'avis  que  dans  la  paraplt'gie  en  flexion,  si  les  reflexes 
tendineux  des  exteuseurs  pen  vent  etre  abolis,  ceux  des  flechisseurs  sont 
toujonrs  exageies.  Je  ne  puis  souscrire  a  cette  opinion,  m'etant  assure 
dans  quelques  cas  de  paraplegic  en  flexion  que  les  reflexes  tendineux  des 
flechisseurs  de  la  jarabe  sur  la  cuisse  n'etaient  pas  du  tout  au-dessus 
de  la  normale  et  paraissaient  lueme  plutot  faibles. 

Dans  la  paraplegie  en  flexion,  I'affaiblisseinent  des  reflexes  tendineux 
neut  survenir  apies  une  periode  plus  ou  moins  longue  pendant  laquelle 
il  y  a  eu  surreflectivite  tendineuse.  Mais  il  y  a  des  cas  ou,  des  le  debut, 
les  reflexes  tendineux  sont  amoindris.  Jai  rapporte  une  Observation  de 
ce  genre ;  voici  nn  passage  du  travail  ou  ce  fait  est  relate  [4]  :  "  Ce  qui 
est  capital  cest  que,  chez  cette  malade,  ou  I'existence  d'une  afi"ection 
organique  de  la  moelle  interessant  les  faisceaux  pyramidaux  est  incon- 
testable, on  observe  une  contracture  associee  a  une  abolition  a  peu  pres 
complete  des  reflexes  tendineux  et  a  des  reflexes  de  defense  exlremement 
forts.  Ce  fait  constitue  un  nouveau  document  relatif  a  I'histoire  de  la 
paraplegie  spasmodique  organique  avec  contracture  en  Jiexion  et  con- 
tractions  mnsciilaires  involontaires,  et  il  merite  pour  plusieurs  motifs 
d'attirer  I'attention. 

"  Tandis  que,  chez  les  sujets  ou  la  contracture  en  flexion  est  per- 
manente  et  a  acquis  une  grande  intensite,  la  faiblesse  ou  I'abolition  des 
reflexes  tendineux  est  difflcile  a  apprecier  et  ne  peut  etre  afiirmee  qu' 
apres  des  examens  plusieurs  fois  renouveles ;  dans  le  cas  particulier,  la 
contracture  en  flexion  etant  intermittente,  on  est  a  meme,  pendant  les 
phases  de  detente  qui  sont  tres  frequentes,  de  se  rendre  un  coinpte  exact 
des  reflexes  tendineux ;  on  s'assure  aisement  que  le  reflexe  rotulien  droit 
et  les  reflexes  acliilleens  sont  abolis.  J'ajoute  que  I'affaiblissement  des 
leflexes  tendineux  a  ele  note,  dans  ce  cas,  des  le  debut  de  I'afi'ection  et 
n'a  pas  ete  precede  de  I'exageration  de  ces  reflexes,  ainsi  que  cela  se  voit 
assez  souvent  dans  cette  forme  de  paraplegie." 


L'exageration  des  reflexes  de  defense  conduit-elle  seulement  au 
diagnostic  de  perturbation  de  la  voie  pyramidaleV  N'est-elle  pas  en 
mesure  de  fournir  d'autres  renseignements  ayant  une  poriee  pratique, 
notamment  dans  les  cas  de  compression  de  la  moelle?  Cest  une 
question  que  nous  avons  cherche  a  resoudre,  Jarkovc-ski  et  moi. 
Mais  il  est  de  mon  devoir  de  signaler  un  passage  relatif  a  ce  sujet  que 
j'extrais  de  I'ouvrage  de  Duchenne  de  Boulogne  "  De  1  electrisation 
localises  "  et  qui  nous  avait  echappe  autrefois  :  "  Le  point  ou  le  chatouil- 
lement  de  la  peau  cesse  de  provoquer  des  contractions  reflexes  indique 
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le  niveau  ou  existe  la  coiupiession  de  la  luoelle."  II  est  a  noteu  que  ce 
Mioyeu  de  localisation  n'avait  jamais  ete  utilise  jusqua  nous  par  aucun 
des  nenrolojjistes  qui  s'etaient  occupes  de  reperer  les  tunieurs  coni- 
priniant  la  nioelle  en  vue  de  I'intervention  chirurgicale.  Voici,  en 
resume,  ce  que  nous  avons  cru  pouvoir  deduire  de  nos  investigations  : 
Dans  tout  le  territoire  cutane  en  rapport  avec  la  portion  de  la  moelle 
«;ous-iacente  a  la  partie  inferieure  de  la  lesion  et  dans  ce  territoire  seule- 
ment,  du  nioins  quand  la  paraplegie  est  tres  marquee,  une  excitation 
pent  provoquer  des  reflexes  de  defense.  On  possede  ainsi  un  moyen  de 
determiner  la  limite  inferieure  de  la  compression.  Ce  n'est  pas  la  une 
vue  theorique.  Cette  donnee  est  etablie  deja  sur  un  certain  nombre 
d'observations  ou  le  diagnostic  a  ete  verifie  pendant  Toperation. 

On  a  aussi  publie,  il  est  vrai,  quelqnes  faits  qui  tendent  a  infirmer 
cette  notion,  mais  la  contradiction  nest  peut-etre  qu'apparente  et  j'ai 
cherche  a  Texpliquer  dans  mon  travail  de  1914,  dont  j'extrais  le  passage 
suivant  : 

"  Cela  tient,  je  pense,  aux  diliicultes  nombreuses  que  Pon  rencontre 
quand  on  s'efforce  de  delimiter  le  territoire  des  reflexes  de  defense.  On 
rist  expose  a  des  erreurs  d'observation  et  d'interpretation  sur  lesquelles  je 
crois  devoir  insister. 

"  C'est  ainsi  que  chez  des  malades  ayant  conserve  en  partie  leur 
raotilite  volitionnelle,  un  mouvement  volontaire  pourrait  faire  prendre 
le  change  et  etre  considere  a  tort  pour  un  reflexe  de  defense.  Chez 
d'autres  malades,  un  mouvement  spasmodique  '  spontane  '  risque  d'etre 
attribue  a  une  excitation  provoquee  par  I'experimentateur,  s'il  coincide 
avec  cette  derniere.  On  saisit  immediatement  la  portee  d'nne  telle  con- 
fusion, si  cette  excitation  a  ete  appliquee  au-dessus  du  territoire  des 
reflexes  de  defense. 

"  D'autre  part,  la  reflectivite  peut  varier  au  cours  d'nn  meme  exaraen 
et,  a  fortiori,  d'un  jour  a  lautre  ;  on  obtient  ainsi  des  resultats  en 
apparence  contradictoires.  De  plus,  la  surreflectivite,  que  nous  avons 
en  vue,  n'atteint  son  niveau  maximum  qu'a  une  periode  plus  ou  moins 
tardive  de  revolution  de  la  maladie. 

"  II  faut  done  renouveler  les  explorations  ])endant  plusieurs  jours,  au 
besoin  pendant  plusieurs  seraaines,  et  retenir,  entre  les  limites  varices 
qui  ont  ete  obtenues,  celle  qui  est  la  plus  elevee,  qu'elle  se  trouve  des 
deux  cotes  au  meme  niveau  ou  a  des  hauteurs  differentes,  pourvu  qu'elle 
soit  dument  etablie. 

"  II  est  encore  essentiel  de  savoir  que  les  reflexes  de  defense  se  laissent 
provoquer  beaucoup  plus  facilement  sur  les  membres  inferieurs  que  sur 
le  tronc  et  que  parfois  le  domaine  de  la  surreflectivite  ne  depasse  pas  le 
pli  de  I'aine,  meme  lorsque  la  limite  inferieure  de  la  lesion   siege  a  la 
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partie  moyenne  de  la  inoelle  dorsale  ou  au-dessus.  Notre  experience 
nous  a  appris  qu'il  fallait  seulenient  tenir  conipte  des  cas  ou  la  surre- 
flectivite  envahit  une  partie  plus  ou  moins  etendue  du  tronc,  a  moins 
que  d'autres  symptoiues  ne  permettent  deja  de  localiser  la  lesion  dans 
la  region  lombaire  ou  sacree. 

"  Enfin,  je  rappelle  que  les  reflexes  de  defense  se  laissent  provoquer 
de  preference  tantot  par  le  pincement,  tantot  par  le  froid,  la  chaleur, 
I'electricite  ou  la  piqiire.  Dans  chaque  cas  particulier,  il  faut  employer 
le  mode  d'excitation  qui  constitue  le  reactif  le  plus  sensible. 

''  On  voit,  par  ce  qui  precede,  conibien  ces  recherches  sont  delicates, 
et  je  conviens  qu'un  observateur,  quelque  averti  et  methodique  qu'il  soit^ 
ne  parviendra  pas  toujours  a  obtenir  de  ses  investigations  sur  les  reflexes 
de  defense  des  renseigneinents  utilisables." 

II  n'en  est  pas  moins  vrai,  pensons-nous,  que  dans  certains  cas  de 
compression  spinale  il  sera  possible  d'acquerir  ainsi  des  donnees  in- 
teressantes  pour  le  diagnostic  topographique  des  lesions,  surtout  si  on 
les  rapproche  de  celles,  plus  importantes  sans  aucun  doute,  qui  sont 
fournies  par  les  troubles  de  la  sensibilite. 


Autre  probleme.  L'intensite  des  reflexes  de  defense  et  les  diversites. 
de  forme  qu'ils  presentent  sont-elles  en  rapport  avec  l'intensite  des 
lesions,  le  niveau  ou  elles  siegent  et  leur  nature  ?  Dans  mon  article  de 
1898  i'ecrivais  deja  ceci  a  propos  du  signe  des  orteils  :  "  II  faut  done  bien 
remarquer  que  ce  signe,  s'il  revele  I'existence  d'une  perturbation  dans  le 

systeme  pyramidal,  n'en  denote  pas  la  gravite II  semble 

meme  qu'il  puisse  parfois  constituer  le  seul  indice  de  cette  perturba- 
tion."    Je  reviendrai  dans  un  instant  sur  ce  point. 

Pour  ce  qui  est  relatif  au  niveau,  j'ai  dit  autrefois  et  tons  les  neuro- 
logistes  semblent  d'accord  la-dessus,  que  les  reflexes  de  defense  sont, 
d'une  nianiere  generale  et  sauf  a  la  periode  initiale  quand  il  y  a  sbock, 
plus  accentues  dans  les  lesions  spinales  que  dans  les  lesions  cerebrales, 
ce  qui  tient  peut-etre  en  partie  a  ce  que  d'ordinaire  les  premieres  sont 
bilaterales,  les  secondes  unilaterales. 

En  ce  qui  regarde  la  nature  des  lesions,  d'apres  ce  que  j'ai  observe, 
je  pense  que  I'exageration  des  reflexes  de  defense  est  particulierement 
intense  et  durable  dans  les  cas  de  paraplt'gie  spasmodique  par  com- 
pression de  la  moelle  ou  par  sclerose  spinale  dans  lesquels  les  alterations 
degeneratives  du  faisceau  pyramidal  font  defaut  ou  sont  pen  prononcees. 
Plusieurs  observations  tendant  a  confirmer  cette  opinion  ont  etc  rap- 
partees  par  divers  auteurs  [26]. 
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Les  faits  de  section  complete  de  la  luoelle  observes  a  la  suite  de 
trauniatismes  de  guerre  ont  montre  a  MM.  Head,  liiddoch,  a  M 
Lherinitte  que  ces  lesions,  qui  produisent  le  maximum  de  degeneration 
peuvent  aussi  se  manifester,  a  une  certaine  periode  de  leur  evolution,  par 
des  r^rtexes  de  defense  tres  marques.  Mais  dans  ces  derniers  cas,  la 
phase  pendant  laquelle  les  reflexes  de  defense  sont  exageres  est  relative- 
ment  courte  et  la  contracture  qui  se  lie  a  ces  reflexes  dans  la  paraplegic 
que  j'ai  envisaged  et  dont  nous  aurons  a  nous  occuper  dans  la  suite, 
manque  ou  est  peu  marquee.  Kn  tout  cas,  mes  observations  ont  montre 
que  I'mtensite  des  reflexes  de  defense  n'est  pas,  tant  s'en  faut,  en  propor- 
tion directe  avec  le  degre  d'intensile  de  la  degeneration  secondaire.  M. 
Walsbe,  acepropos,  dit  ceci :  Le  point  souleve  par  Babinski  qu'W  pent  n'y 
avoir  que  peu  ou  pas  de  degeneration  secondaire  de  la  voie  pyramidale  a 
I'examen  anatomique  dans  de  tels  cas  n'a  pas  de  signification  speciale 
parceque,  coratne  Gordon  Holmes  I'a  montre,  il  n'y  a  pas  de  relation 
directe,  constante  entre  la  gravite  des  manifestations  clmiques  et  la 
degeneration  descendante  secondaire.  Une  lesion  en  foyer  de  la  moelle, 
dit-il,  pent  causer  une  paralysie  spastique  extreme  et  perte  du  controle 
sphincterien,  et  cependant,  a  I'autopsie,  il  peut  ne  pas  y  avoir  de  degene- 
ration spinale  descendante. 

Je  sais  cela  depuis  longtemps  et  j'ai  precisement  rapporte  moi-meme 
en  1899  une  Observation  de  ce  genre  que  j'ai  deja  rappelee.  Mais  il  faul 
savoir  aussi  qu'une  paralysie  complete  due  a  une  compression  de  la 
moelle,  accompagnee  de  reflexes  de  defense  tres  intenses,  peut  gu^rir 
totalement ;  et  cette  regression  des  accidents  n'est- elle  pas  expliquable 
par  I'absence  de  degeneration?  C'est  ce  (jue  j'ai  cherclie  a  mettre  en 
lumiere. 

Je  le  repete,  la  presence  de  reflexes  de  defense  meme  tres  prononces 
et  avec  accompagnement  de  troubles  moteurs  des  plus  marques,  n'est  pas 
necessairement  I'expression  d'un  etat  incurable.  Entre  autres  faits  a 
I'appui  de  cette  notion,  je  puis  vous  citer  quelques  extraits  dune  Obser- 
vation publiee  par  Jarkowski,  Lecene  et  moi  [10]  etintitulee:  "Para- 
plegic crurale  par  neoplasme  extra-dure-njerien.  Operation.  Guerison." 
En  decenibre  1911,  on  note  ceci :  "  La  malade  presente  une  paraplegic 
spasmodique  en  extension  avec  troubles  de  la  sensibilite  remontant 
jusqua  la  ligne  mamelonnaire.  La  paralysie  des  membres  inferieurs 
est  complete  et  ne  cede  meme  pas  sous  I'influence  de  divers  precedes 
dynamogenisants  (faradisation,  application  de  la  bande  d'Esmarcb). 
Cette  contracture  ne  peut  etre  vaincue  que  par  un  tres  grand  effort  ; 
pourtant,  elle  n'est  pas  toujours  egale  a  elle-meme  et  peut  etre  diminuee 
par  des  mouvements  passifs.  De  plus,  la  contracture  en  extension  est 
entrecoupee  de  temps  a  autre  par  des  niouvements  spasmodiques  invo- 
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lontaires  qui  deplacent  brusquement  les  membres  inferieurs,  flechissent 
la  cuisse,  la  jarabe  et  le  pied,  les  allongent  ensuite  avec  une  grande  force, 
en  detachant  le  membre  du  plan  du  lit,  et  ainsi  de  suite,  jusqu'a  ce  que 
le  membre  retrouve  sa  position  primitive  de  repos. 

"  Ces  spasmes  se  produisent  soit  dans  un  seul  des  membres  inferieurs, 
soit  dans  les  deux,  et  alors  tantot  ils  revetent  la  meme  forme  des  deux 
cotes,  tautot  ils  donnent  lieu  a  une  iiexion  a  droite  et  une  extension  k 
gauche  ou  vice-versa.  Les  reflexes  tendineux  des  membres  inferieurs 
sont  nettement  exageres  ;  il  y  a  de  la  trepidation  epileptoide  du  pied 
des  deux  cotes. 

"  On  constate  le  signe  des  orteils  des  deux  cotes. 

"  Les  reflexes  de  defense  sont  fortement  exageres  et  peuvent  etre 
provoques  meme  par  des  excitations  tres  legeres.  Leur  forme  varie 
suivant  la  position  des  membres  et  I'endroit  de  I'excitation,  mais  elle 
est  sensiblement  pareille  a  celle  des  spasmes  involontaires  spontanes." 

La  malade  est  operee  en  Janvier,  1912.  L'intervention  est  suivie 
d'une  amelioration  qui  se  poursuit  ensuite,  mais  lentement. 

En  juin  1914,  on  note  :  "  Elle  marche  toute  seule,  sans  canne,  pas 
tres  vite,  il  est  vrai,  mais  d'une  maniere  a  pen  pres  normale  ;  elle  ne 
traine  pas  ses  jambes;  elle  ne  fauche  pas  ;  la  pointe  du  pied  ne  butte 
pas  contre  le  sol. 

"  Un  examen  objectif  minutieux  ne  decele  comme  reliquat  des  troubles 
d'autrefois  qu'une  tendance  a  I'extension  des  orteils  et  une  l^gere  exage- 
ration  des  reflexes  de  defense." 

J'apprends  ulterieurement  que  la  guerison  est  devenue  complete. 

Ce  n'est  pas  dans  la  patrie  de  I'illustre  Horsley  dont  je  m'honore 
d'avoir  ete  I'ami,  que  je  provoquerai  de  la  surprise  en  rapportant  I'obser- 
vation  d'une  paraplegie  due  a  une  tumeur  comprimant  la  moelle  et 
guerie  a  la  suite  d'une  intervention  chirurgicale.  Si  je  I'ai  relatee,  c'est 
afin  de  bien  mettre  en  evidence  ce  fait  que  la  surreflectivite  defensive 
n'implique  pas  I'idee  d'incurabilite. 

Les  reflexes  de  defense,  apres  disparition  complete  des  troubles 
moteurs,  peuvent  redevenir  absolument  normaux. 

On  a  pris  I'habitude  de  dire  que  I'exageration  des  reflexes  de  defense 
temoigne  que  la  moelle  est  delivree  du  joug  des  centres  superieuvs  ;  mais, 
comme  on  le  voit  par  ce  qui  precede,  la  moelle,  en  recouvrant  les  reflexes 
de  defense  de  ses  ancetres,  n'a  pas  reconquis  toute  leur  mdependance  : 
pareille  aux  affranchis  de  Rome,  elle  ne  jouit  parfois  que  d'une  liberte 
transitoire  et  elle  est  exposee  a  reprendre  ses  chaiues,  ce  qu'atteste  le 
retour  des  reflexes  a  I'etat  physiologique. 

Mais  il  y  a  plus  :  dans  certains  cas,  les  reflexes  de  defense  patho- 
logiques  survivent  a  tous  les  autres  troubles. 
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Entre  autre  lualades  de  ce  genre,  j'en  puis  citer  un  qui,  fi;ueri  d'une 
paraploj)[ie  par  lesion  syphilitique  de  la  moelle,  avait  recouvre  la  motilite 
au  point  de  pouvoir  parcourir  sans  arret  une  distance  de  plus  de  dix 
kilometres  et  qui  cependant  presentait  d'une  maniere  tres  nette  le  signe 
des  orteils  et  le  signe  de  la  flexion  reflexe  du  pied. 

On  pent  dire  qu'en  pareille  occurrence  il  s'agit  de  la  part  de  la  moelle 
d'une  fanfaronnade,  d'un  bluff :  elle  affiche  des  airs  d'independance,  se 
pretend  liberee,  tout  en  obeissant  servilement  a  I'encephale,  son  maitre. 

Si  la  diminution  progressive  des  reflexes  de  defense  prealablement 
exageres  peut  etre  un  signe  favorable,  comme  dans  I'observation  de 
tumeur  que  je  viens  de  rapporter,  elle  peut  au  contraire  denoter  une 
aggravation  :  dans  les  cas  de  section  complete  de  la  moelle,  ces  reflexes 
s'affaiblissent  d'habitude  a  la  periode  qui  precede  la  moi't. 

J'ai  ete  amene  a  vous  indiquer  I'etat  des  reflexes  de  defense  dans  les 
sections  spinales  totales  a  la  phase  terminale,  a  la  phase  moyenne.  Je 
dois  vous  exposer  I'etat  de  ces  reflexes  a  la  premiere  phase,  apres  le 
traumatisme.  Sous  I'influence  du  shock,  les  reflexes  cutanes  aux  membres 
inferieurs  peuvent  etre  completement  abolis  comme  le  sont  les  reflexes 
tondineux.  Pour  ce  qui  concerne  les  reflexes  tendineux,  dont  je  ne  vous 
parle  qu'incidemment,  et  contrairement  a  I'opinion  emise  par  Bastian  et 
acceptee  pendant  trente  ans  par  la  majorite  des  neurologistes,  ieur  aboli- 
tion n'est  pas  non  plus  definitive  ;  ils  peuvent  reparaitre  et  meme 
atteindre  un  degre  plus  eleve  que  la  normale,  mais  Ieur  retour  est  plus 
tardif  que  celui  des  reflexes  cutanes.  Au  sujet  de  ces  derniers,  les 
opinions  ne  sont  pas  toutes  concordantes,  ce  qui  tient  sans  doute  a  la 
diversite  des  cas  et  a  ce  qu'un  meme  auteur  a  eu  seulement  I'occasion 
d'observer  un  nombre  de  faits  restreint.  II  y  aurait  tantot  abolition  du 
reflexe  cutane  plantaire,  tantot  extension,  tantot  flexion  des  orteils. 
D'apres  Guillain  et  Barre,  le  reflexe  en  flexion  de  ces  paraplegiques  se 
diflerencie  de  celui  de  I'homme  sain  par  sa  lenteur,  son  temps  de  latence 
prolonge,  la  persistance  relative  de  I'attitude  en  flexion.  Dans  cette 
premiere  phase,  la  zone  reflexogene  serait  limitee,  comme  a  Tetat 
physiologique,  a  la  zone  plantaire,  et  ce  n'est  qu'ulterieurement  qu'elle 
s'etendrait  a  tout  le  pied  et  a  la  jambe  ;  les  reflexes  deviennent  de  plus 
en  plus  forts  et  une  exageration  parfois  tres  marquee  des  reflexes  de 
defense  se  constitue  alors. 

II  y  a  lieu  de  comparer  ces  faits  de  paraplegie  a  debut  brusque  avec  les 
cas  d'hemiplegie  cerebrale  succedant  a  un  ictus  apoplectique.  Souvent, 
des  les  premiers  jours,  alors  que  le  malade  est  encore  dans  le  coma,  que 
la  paralysie  est  complete  et  la  surreflectivite  tendineuse  d'habitude 
aflaiblie,  on  peut  constater  I'extension  reflexe  des  orteils  et   la  flexion 
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reflexe  du  pied.  Dans  quelques  cas,  des  neurologistes,  presents  a  une 
attaque,  ont  eu  I'occasion  de  constater  ces  signes  des  la  premiere  minute. 
L'exageration  des  reflexes  de  defense  parait  done  bien  plus  precoce  dans 
I'hemiplegie  cerebrale  vulgaire  que  dans  la  paraplegic  spinale  a  debut 
brusque,  ce  qui  depend  peut-etre  de  ce  que  le  shock  subi  par  la  moelle 
est  plus  grand  quaiid  il  s'agit  d'une  lesion  bilaterale  que  lorsqu'on  a 
affaire  a  une  lesion  unilaterale.  C'est  une  disposition  contraire  de  celle 
qu'on  observe  a  une  periode  plus  avancee  des  lesions  cerebrales  et  spinales, 
ainsi  que  nous  I'avons  dit  precedemment.  Dans  les  affections  spinales 
occupant  un  seul  cote,  la  reflectivite  se  comporte  peut-etre  comme  dans 
I'hemiplegie  cerebrale.  J'ai  rapporte  un  cas  d'hemiplegie  spinale  avec 
anesthesie  croisee  due  a  une  hemisection  traumatique  de  la  moelle,  a  la 
partie  moyenne  de  la  region  dorsale,  et  dans  lequel,  quinze  heures  apres 
I'accident,  le  cote  paralyse  presentait  de  la  flaccidite,  de  Tirreflectivite 
tendineuse  en  meme  temps  que  le  phenomene  des  orteils. 

Je  dois  poursuivre  I'etude  des  sections  spinales  dans  leurs  relations 
avec  les  reflexes  cutanes,  les  reflexes  de  defense,  me  rapportant  surtout 
aux  travaux  de  MM.  Head  et  Riddoch  qui  ont  cherche  a  etablir  le 
parti  qu'on  pourrait  tirer  de  I'etat  des  reflexes  de  defense  au  point  de 
vue  du  diagnostic  differentiel  entre  les  sections  completes  et  les  sections 
incompletes  de  la  moelle.  Je  me  permettrai  toutefois  de  soumettre  a  la 
critique  quelques-unes  des  idees  que  ces  auteurs  ont  enoncees. 

Auparavant,  je  dois  completer  ceque  j'ai  dit  sur  les  reactions  obtenues 
par  I'excitation  du  membre  inferieur,  m'etant  borne  d'abord,  afin  de  ne 
pas  compliquer  mon  sujet,  a  decrire  celles  qui  se  produisent  dans  le 
membre  excite.  Or,  I'excitation  d'un  des  membres  inferieurs  peut 
determiner  aussi  des  mouvements  reflexes  dans  I'autre  membre,  que 
j'ai  seulement  notes  d'une  maniere  incidente  jusqu'a  present.  Je  ne 
puis  mieux  faire  pour  vous  en  donner  une  idee  que  de  citer  un  passage 
du  travail  de  MM.  Marie  et  Foix  [2'2].  Les  observations  qu'ils  ont  faites 
servent  de  base  a  leur  conception  du  mecanisme  de  ce  qu'ils  appellent 
"  les  reflexes  d'automatisme  medullaire." 

"  Nous  allons  voir  maintenant,  ecrivent-ils,  qu'il  peut  exister  chez 
I'homme,  dans  quelques  cas  seulement  il  est  vrai,  un  rcfiexe  d' extension 
croisee  analogue  au  "  crossed  extension  reflex  "  de  Philipson. 

"  Pour  I'observer,  il  faut  choisir  un  malade  tres  spasmodique,  non 
pas,  comme  nous  I'avons  dit,  un  malade  atteint  de  paraplegic  spas- 
modique sypbilitique,  mais  d'une  paraplegie  par  compression,  telle  que 
celle  du  mal  de  Pott.  Nous  I'avons  rencontree,  en  outre,  de  la  fa9on  la 
plus  indiscutable,  au  cours  de  la  sclerose  en  plaques  a  forme  spasmodique 
et  de  la  syringomyelie. 
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"  Voici  coiuiuent  il  taut  proceder  chez  Ihouime :  on  place  tout 
d'abord  les  membres  inf^rieurs  en  flexion  leo;ere,  puis  par  la  flexion 
forcee  des  orteils  on  provoque  d'un  seul  cote  le  pheiiomene  des  raccour- 
cisseurs.  L'excitation  doit,  pour  determiner  le  reflexe  croise,  etre  forte, 
progressive  et  prolongee ;  aussi  est-il  preferable  de  choisir  des  malades 
presentant" des  troubles  de  la  sensibilite,  de  maniere  a  eviter  les  phe- 
nomenes  douloureux. 

"  Dans  ces  conditions,  on  voit  se  produire  en  un  premier  temps  la 
flexion  du  membre  excite,  puis,  l'excitation  persistant  toujours,  se 
produit  en  un  deuxieine  temps  qui  suit  plus  ou  moins  vite  le  premier, 
se  confondant  souvent  partiellement  avec  lui,  I'extension  du  membre 
croise.  L'ensemble  reproduit,  on  le  voit,  de  la  fagon  la  plus  typique  le 
^  crossed  extension  reflex  '  de  Philipson." 

Nous  sommes  maintenant  en  mesure  d'indiquer  les  caracteres  em- 
pruntes  a  I'etat  des  reflexes  de  defense  et  qui  permettent,  d'apr^s  Head 
et  Riddoch,  d'aflirmer  que  la  section  de  la  moelle  est  soit  incomplete, 
soit  complete. 

Voici  les  caracteres  qui  denoteraient  une  section  incomplete  : 

(a)  Presence  du  "  crossed  reflex." 

Dans  les  sections  totales,  il  n'y  aurait  pas  de  veritables  reflexes 
croises  ;  dans  six  cas  sur  les  huit  cas  observes,  la  flexion  reflexe  du  cote 
excite  s'associe  a  une  flexion  du  cote  oppose;  on  peut  bien  observer 
parfois  de  ce  cote  une  contraction  du  quadriceps  et  des  muscles  du 
moUet,  mais  sans  deplacement  du  membre. 

La  proposition  de  Riddocb  constitute  non  une  loi,  mais  une  regie 
souffrant  des  exceptions  si  Ton  s'en  refere  a  une  Observation  de  Lher- 
niitte  [19]  et  dont  voici  le  resume :  "  Syndrome  de  section  totale  de  la 
moelle  dorsale  moyenne.  Phase  de  shock  durant  un  mois  et  demi. 
Reapparition  des  reflexes  tendineux  ;  extension  du  gros  orteil ;  mouve- 
ments  automatiques  spontanes  extremement  intenses,  mouvements  de 
defense  tres  vifs,  mictions  reflexes  et  spontanees,  erections  fr^quentes ; 
hypersudation  dans  le  segment  inferieur  du  corps."  Or,  a  la  page  62, 
on  lit  ceci  :  "  Le  blesse  etant  dans  le  decubitus  lateral  gauche  on  excite 
la  face  posterieure  de  la  cuisse  droite  :  le  membre  inferieur  droit  se 
flechit,  le  gros  orteil  s'etend  ;  du  cote  oppose  le  membre  inferieur 
s'allonge,  le  pied  s'etend  et  les  orteils  se  flechissent  (Reflexes  d'extension 
croisee)." 

(b)  Presence  des  reflexes  en  extension,  qui  ne  s'observeraient  que 
quand  il  y  a  persistance  de  I'influence  des  centres  superieurs.  Dans  la 
section  complete,  I'extension  se  produirait  exclusivement  par  relachement 
des  fl^chisseurs. 

Un  passage  de  I'Observation  precedente  de  Lhermitte  semble  montrer 
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qu'il  n'en  est  pas  tonjours  ainsi.  A  la  page  63,  ou  il  est  fait  mention  de 
I'efcat  des  reflexes  cinquante-deux  jours  apres  I'exainen  precedent,  nous 
trouvons  ceci :  "  Les  mouveraents  de  defense  sont  tonjours  ties  accuses. 
Le  pincement  de  la  peau  de  la  face  anterieure  de  la  cuisse  determine 
I'extension  de  la  jambe  et  la  contraction  tonique  du  quadriceps ;  quel- 
quefois,  le  mouvement  s'ctend  au  membre  oppose." 

(c)  Presence  de  ce  que  les  auteurs  anglais  appellent  "  local  sign  "  et 
qui  consiste  en  ce  que  les  reactions  seraient  differentes  suivant  les  points 
excites.  Si,  par  exemple,  I'excitation  de  la  plante  du  pied,  selon  qu'elle 
porte  sur  sa  partie  externe  ou  sa  parfcie  interne,  provoque,  outre  la  triple 
flexion,  une  abduction  ou  une  adduction  du  pied,  on  pourrait  aflirmer 
que  la  section  est  incomplete. 

D'apres  Riddoch,  si  je  I'ai  bien  compris,  dans  la  section  incomplete,  la 
zone  reflexogene  du  reflexe  en  flexion  ne  depasserait  pas  le  genou.  Cette 
opinion  me  semble  en  contradiction  avec  certains  faits.  Voiis  verrez  sur 
un  des  films  une  malade  atteinte  de  paraplegie  incomplete  ;  elle  pent 
mouvoir  volontairement  ses  membres  inferieurs  et  cependant  I'excitation 
de  I'abdomen  avec  un  tube  de  glace  provoque  une  flexion  comme  I'excita- 
tion du  pied. 

Par  contre,  on  pourrait  considerer,  d'apres  MM,  Head  et  Riddoch, 
comme  caracteristique  d'une  section  totale,  d'une  liberation  complete  de 
la  moelle,  ce  qu'ils  appellent  "  Massreflex,"  c'est  a  dire  reflexes,  de 
defense  toujours  en  flexion  avec  mictions  reflexes  et  forte  sudation  dans 
le  segment  inferieur  du  corps. 

J'ai  eu  I'occasion  de  decrire  moi-meme  les  troubles  vesicaux  en 
question  dans  mon  travail  deja  ctte.     Voici  le  passage  qui  s'y  rapporte  : 

"Les  grands  mouvements  des  membres,  qui  s'imposent  surtout  a 
I'attention,  furent  seuls  etudies  au  debut,  mais  un  examen  minutieux 
montre  que  d'autres  groupes  musculaires  peuvent  entrer  en  jeu,  comme 
cela  resulte  des  recherches  faites  par  mon  eleve  Barre.  La  contraction 
des  muscles  de  la  paroi  abdominale  provoque  un  retrait  de  I'abdomen  ; 
celles  des  muscles  de  la  paroi  thoracique  produit  des  spasmes  respira- 
toires  brusques.  Ces  divers  mouvements  se  font  generalement  en  meme 
temps  que  ceux  des  membres  ou  les  suivent  a  tres  court  intervalle. 
Enfin,  les  muscles  profonds  du  tronc,  ceux  qui  sont  en  partie  volon- 
taires,  comme  le  diaphragme,  ou  ceux  qui  sont  specialement  adaptes  a 
la  vie  vegetative,  comme  les  muscles  intestinaux  et  les  muscles  vesicaux, 
peuvent  egalement  entrer  en  contraction  en  meme  temps  que  les 
muscles  des  membres  ;  les  malades  ont  parfois  alors  des  debacles 
gazeuses  ou  des  mictions  involontaires  qui  temoignent  de  la  mise  en 
activite  de  certains  de  leurs  muscles  lisses." 

Y  a-t-il  la  des  elements  de  differenciation  ? 
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C'e  que  je  puis  dire  c'est  que  nous  avons  suivi  tres  longtemps,  Jarkowsk' 
et  moi,  un  sujet  atteint  d'line  paraplegie  liee  a  des  lesions  specifiques,  para- 
plegic tres  grave,  mais  dans  lacjuelle  les  mouvenients  volontairesn'etaient 
pas  completement  abolis ;  la  luoelle  n'etait  done  pas  entierement  liberee 
des  centres  superieurs  :  or,  chez  ce  nialade,  bien  souvent,  des  excitations 
diverses  deterniinaient,  en  meme  temps  (|iie  des  reflexes  de  defense,  des 
mictions  involontaires  et  I'evacuation  de  matieres  fecales. 

Avant  de  terminer  ce  chapitre  je  ferai  remaicjuer  (jue  Ton  a  tres 
raremeut  I'occasiou  d'observer  des  cas  averes  de  section  totale.  Ce  sont 
les  blessures  de  guerre  qui  ont  fourni  le  materiel  d'etudes.  Sans  elle,  la 
pretendue  loi  de  Bastian  ne  serait  pas  encore  abrogee.  Mais  avouez  que 
les  acquisitions  neurologiques  nouvelles  sont  une  bien  faible  compensation 
des  miseres  dechainees  par  la  catastrophe  mondiale. 


Quelques  mots  sur  les  mouvements  reflexes  des  membres  superieurs. 

Claude,  dans  un  travail  :  "  Sur  certains  pbenomenes  d'hyperkinesie 
reliexe  "  [13]  a  decrit  dans  I'hemiplegie  cerebrale  des  reactions  motrices 
reflexes  et  a  eu  surtout  en  vue  celles  du  membre  superieur. 

J'ai  mentionne  des  reflexes  de  defense  du  membre  superieur  dans 
mon  article  de  1915  :  "  lis  consistent  egalement,  disais-je,  en  mouve- 
ments de  retrait  ou  d'allongement,  souvent  combines  a  de  la  pronation 
de  Tavant-bras  et  de  I'adduction  du  bras.  Ces  mouvements  peuvent 
presenter  des  modalites  diverses  comme  les  reflexes  du  membre  inferieur, 
mais  ils  sont  pius  souvent  que  ceux-ci  localises  a  un  seul  cote." 

MINI.  George  liiddoch  et  Farquhar  Buzzard  [80]  ont  fait  une  etude 
approfondie  de  ces  reactions  motrices  dans  un  travail  dont  j'ai  donne 
deja  rindication  bibliographique  et  sur  lequel  le  manque  de  temps 
m'empeche  dinsister. 


Comment  se  comportent  les  reflexes  de  defense  pendant  le  somraeil 
artificiel  ?  Cela  depend  sans  doute  de  I'agent  anesthesiant  dont  on  fait 
usage.  On  salt  <]ue  I'etber  agit  autrement  sur  les  reflexes  tendineux 
que  le  cbloroforme.  Je  ne  puis  entrer  dans  les  details  de  cette  question  ; 
je  me  contenterai  de  livrer  comme  document  I'Observation  suivante 
recueillie  avec  un  soin  minutieux  : 

Compression  de  la  moelle  de  D"  a  D''  (il  s'agit  du  sujet  que  vous 
verrez  sur  un  de  mes  films  et  cbez  lequel  le  niveau  inferieur  de  la 
compression  correspondait  a  la  limite  superieure  des  reflexes  de 
defense)  :      Paraplegie     incomplete     avec     contracture     en     extension 
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d'intensite  moyenne.  Hypoesthesie  jusqu'ji  D''.  Reflexes  rotiiliens 
forts,  trepidation  epilepto'ide  du  pied.  Signe  des  orteils  et  flexion 
reflexe  du  pied  tres  caracterises.  La  nmlade  rec^-oit  une  heure  avant 
I'operation,  en  injection  sous-cutanee,  un  centigramme  de  chlorhydrate 
de  morphine  et  un  milligramme  de  bromhydrate  de  scopolamine.  Elle 
est  ensuite  endormie  a  I'ether  avec  I'appareil  d'Ombredanije.  L'etat 
des  reflexes  tendineux  et  des  reflexes  de  defense  reste  semblable  ;i  ce 
qu'il  etait  precedemment  a  un  moment  ou  I'anesthesie,  semblant  com- 
plete, se  traduit  par  I'abolition  du  reflexe  corneen,  I'abolition  presque 
complete  des  reflexes  pupillaires,  I'inseusibilite  au  pincement  avec  une 
pince  et  a  I'mcision  pratiquee  pour  I'intervention.  Pendant  vingt  minutes, 
jusqu'au  moment  de  Touverture  du  canal  rachidien,  la  malade  etant 
plongee  dans  un  sommeil  profond,  les  reflexes  tendineux  et  les  reflexes 
cutanes,  examines  de  deux  minutes  en  deux  minutes,  ne  subissent  pas 
de  modification  appreciable.  Je  note  seulement  que  la  flexion  reflexe 
du  pied  obtenue  par  le  pincement  de  la  peau  de  la  jambe  est  particu- 
lierement  lente :  le  pied,  apres  s'etre  flechi,  ne  revient  a  sa  position  de 
depart  qu'au  bout  de  six  a  dix  secondes.  La  contracture  s'attenue  pro- 
gressivement. 

Pen  de  temps  apres  I'ouverture  du  canal  rachidien  et  excision  d'un 
tissu  neoplasique  un  pen  adherent  a  la  dure-mere,  un  nouvel  examen 
des  reflexes  est  fait,  quatre  ou  cinq  minutes  apres  le  precedent.  Cette 
fois,  transformation  complete  :  tons  les  reflexes  sont  abolis.  La  pression 
arterielle  qui  avait  ete  prise  plusieurs  fois  depuis  le  debut  de  I'operation 
et  qu'on  explore  de  nouveau  a  ce  moment  ne  s'est  pas  modifiee  :  (16  avec 
la  methode  des  oscillations).  Mais  tres  pen  de  temps  apres,  la  pression 
systolique,  recherchee  de  nouveau,  n'est  plus  que  de  5.  A  noter  que  la 
temperature  rectale  mesuree  a  ce  moment  est  de  38°2  alors  qu'elle 
etait  de  87  4  au  debut.  Quant  a  la  rigidite  musculaire,  elle  a  complete- 
ment  disparu.  En  presence  de  cet  etat  de  shock,  on  met  fin  a  I'operation. 
Une  heure  apres,  les  reflexes  rotuliens  ont  reparu,  mais  ils  sont  faibles  ;' 
les  reflexes  achilleens  restent  abolis ;  le  pincement  de  la  peau  de  la  face 
dorsale  du  pied  ne  provoque  aucun  mouvement  ;  I'excitation  de  la  plante 
du  pied  determine  une  forte  extension  du  gros  orteil,  la  triple  flexion  du 
pied,  de  la  jambe  et  de  la  cuisse,  et  une  contraction  du  tenseur  du  fascia 
lata.  Le  lendemain  de  I'operation  le  pincement  du  dos  du  pied  deter- 
minait  I'extension  des  orteils  et  la  flexion  reflexe  du  pied. 


Je  vais  actuellement  etudier  les  reflexes  de  defense  dans  leurs  rapports 
avec  les  troubles  moteurs,  la  paraplegie    spasmodique,    la   contracture. 
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Mes  observations  ni'ont  conduit  a  assi{j;ner  a  chacune  de  ces  deux  tonnes 
de  paraplegia,  celle  en  extension  et  celle  en  flexion,  des  caractcres 
cliniques  distinctifs,  au  milieu  desquels  les  reflexes  de  defense  occupent 
une  place  importante.  Pour  donner  un  apercu  exact  des  idees  que  j'ai 
exposees  sur  ce  sujet,je  penseque  le  mieux  est  d'extraire  d'un  travail  que 
j'ai  public  en  1912  [5],  sur  les  reflexes  tendineux  et  les  reflexes  osseux, 
les  passages  suivants  : 

"  Je  dois  m'occuper,  en  y  insistant,  d'une  variete  de  contracture  sur 
laquelle  j'ai  appele  I'attention  et  qui,  etant  donne  le  but  que  nous  visons, 
merite  d'etre  decrite.  On  I'observe  surtout  aux  membres  inferieurs  et  elle 
est  uu  des  elements  constitutifs  d'une  espece  de  paraplegic  dont  on 
saisira  mieux  I'aspect  en  la  rapprocbant  de  la  paraplegie  spastique  d'Erb. 
Celle-ci,  nous  le  rappelons,  se  caracterise  par  les  phenomcnes  suivants  : 
(a)  rigidite  musculaire  en  extensiou,  stable  ;  (6)  simple  paresie,  c'est  a 
dire  aftaiblissement  peu  prononce  de  la  motricite  volontaire  ;  (c)  exagera- 
tion  notable  des  reflexes  tendineux  avec  trepidation  epileptoide  du  pied, 
et  parfois  danse  de  la  rotule  ;  id)  reflexes  de  defense  legerement  exageres 
ou  a  peu  pres  normaux  ;  (e)  signe  des  orteils. 

"  Void  maintenant  les  caracteres  de  la  paraplegie  que  nous  avons  en 
vue :  (a)  rigidite  musculaire  en  flexion,  qui  au  debut  cesse  par  moments 
d'une  maniere  coniplete  ou  presque  complete,  mais  qui  plus  tard  devient 
stable  ;  cependant  cette  stabilite  n'atteint  guere  le  meme  degre  que  dans 
la  forme  precedente ;  elle  est  sujette  a  des  variations  frequentes  qui 
resultent  des  contractions  involontaires  des  muscles  des  membres 
inferieurs ;  ces  contractions  sont  habituellement  lentes  ;  elles  donnent 
lieu  a  des  mouvements  alternatifs  de  flexion  et  d'extension  avec  predomi- 
nance d'action  des  flechisseurs  :  (6)  motricite  volontaire  profondement 
troublee ;  il  pent  y  avoir  paralysie  complete  :  (c)  reflexes  tendineux 
parfois  exageres,  mais  pouvant  etre  normaux,  affaiblis  ou  meme  abolis  ; 
id)  reflexes  de  defense  toujours  tres  forts  ;  (e)  dans  la  grande  majorite 
des  cas,  signe  des  orteils.  Ajoutons  que  la  rigidite  en  flexion,  quand  elle 
est  devenue  stable,  se  complique  presque  inevitablement  de  retractions 
fibro-tendineuses. 

"  Je  ne  m'etendrai  pas  sur  les  lesions  qui  determinent  cette  forme  de 
paraplegie  ;  qu'il  me  sufiise  de  dire  qu'il  s'agit  generalement,  soit 
d'alterations  sclereuses  diffuses  de  la  moelle,  soit  d'une  compression 
spinale  par  une  tumeur  intra-rachidienne,  ou  par  une  pachymeningite  ; 
en  outre,  dans  les  cas  de  ce  genre,  quand)  ils  sout  tres  caracterises,  la 
degeneration  secondaire  des  faisceaux  pyramidaux  fait  defaut  ou  bien  est 
tres  legere  ;  c'est  du  moins  ce  qui  seujble  ressortir  des  observations 
anatomo-cliniques  recueillies  jusqu'a  ce  jour. 

"  Je  reviens  a  la  clinique.     La  rigidity  musculaire  de  cette  forme  de 
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paraplegie  constitue  bien  une  contracture  ;  elle  est,  en  effet,  patho- 
logique,  due  a  un  mode  de  I'activite  musculaire,  et  elle  est  stable,  au 
moins  a  une  periode  de  son  evolution.  Mais,  comme  nous  venons  de  le 
voir,  cette  stabilite  est  moindre  que  celle  de  la  contracture  de  la  para- 
plegie spastique  d'Erb  ;  elle  est  entrecoupee  en  partie  de  contractions 
involontaires  lentes  constituant  de  veritables  mouveiuents  spasmodiques, 
et,  a  la  phase  de  debnt,  les  troubles  meritent  moins  d'etre  ranges  dans  la 
categorie  des  contractures  que  dans  celle  des  spasmes.  II  en  resulte  que 
I'epithete  de  *' spasmodique "  conviendrait  bien  plus  a  cette  variete  de 
paraplegie  qu'au  syndrome  denomme  "tabes  dorsal  spasmodique." 

"  La  contracture  dont  nous  nous  occupons  a  pour  substratum  ana- 
tomique,  comme  nous  venons  de  le  voir,  des  lesions  du  systeme  nerveux 
central ;  ces  lesions  interessent  la  voie  pyramidale  dont  la  perturbation 
se  manifeste  pendant  la  vie  par  le  signe  des  orteils  et  par  I'exageration 
des  reflexes  de  defense. 

"  Me  voici  maintenant  eu  mesure  de  repondre  a  la  question  que  j'ai 
posee  apres  avoir  montre  que  la  contracture  vulgaire,  liee  a  une  alteration 
de  la  voie  pyramidale,  a  des  relations  etroites  avec  la  surreflectivite 
tendineuse.  Je  peux  affirmer  qu'il  existe  aussi  une  contracture — 
differente,  il  est  vrai,  de  la  precedente  par  sa  forme — determiiiee  par 
des  lesions  nerveuses  centrales  atteignant  les  faisceaux  pyramidaux,  et 
pourtant  absolument  independante  de  la  surreflectivite  tendineuse.  En 
efifet,  chez  les  malades  qui  la  presentent,  les  reflexes  tendineux  ne  sont 
pas  toujours  exageres,  tant  s'en  faut ;  ils  sont  souveiit,  soit  normaux, 
soit  affaiblis,  soit  meme  abolis.  Les  reflexes  de  defense,  au  contraire, 
sont  non  seulement  toujours  presents,  mais  ils  atteignent  une  tres 
grande  intensite. 

"  Mes  observations  ont  ete  confirmees  sur  tous  les  points  par  plu- 
sieurs  neurologistes. 

"  Cette  forme  de  contracture,  surtout  commune  aux  membres  infe- 
rieurs,  pent  atteindre  en  meme  temps  les  membres  superieurs,  ou  elle 
offre  les  memes  caracteres  :  rigidite  avec  mouvements  spasmodiques, 
affaiblissement  ou  abolition  possible  des  reflexes  osso-tendineux,  reflexes 
de  defense  tres  forts. 

"  Qu'on  la  considere  aux  membres  inferieurs  ou  aux  membres  su- 
perieurs, ce  qui  frappe  surtout,  ce  sont  ses  liens  intimes  avec  les  reflexes 
cutanes  de  defense  dont  elle  parait  dependre,  comme  la  forme  habituelle 
de  la  contracture  depend  de  la  surreflectivite  tendineuse.  Pour  mettre 
ces  traits  en  evidence  et  pour  donner  a  chacune  de  ces  formes  de  con- 
tracture— qui  peuveut  d'ailleurs  s'associer — une  denomination  qui  la 
distingue,  j'ai  propose  d'appliquer  a  I'une  le  qualificatif  de  tendino-refiexe 
et  celui  de  ciitanco-rcfiexe  a  I'autre." 
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A  cote  lies  formes  types,  il  y  a  des  formes  (|u'on  poinrait  appeler 
iutermediaires  ou  Ton  trouve  les  principaux  caracteres  de  la  contracture 
cutaneo-retlexe  (motricite  volontaire  tres  troubl^e,  reflexes  de  defense 
tres  forts)  bien  que  les  niembres  inferieurs  gardent  d'babitiide  nne 
attitude  en  extension.  Precedemment,  j'en  ai  montre  un  bel  exeniple 
en  vous  relatant  I'Observation  d'une  paraplegie  due  a  une  compression 
par  tumeur  et  guerie  a  la  suite  de  I'intervention  chirurgicale.  Cette 
derniere  forme  comporte  un  pronostic  moins  severe  que  la  paraplegie 
spasmodique  en  flexion,  laquelle  correspond  a  un  stade  ))lus  avance  de 
I'affection. 

En  France,  ma  maniere  de  voir  a  ete  generalement  acceptee  et 
dans  un  article  recent  M.  Foix  [16]  ecrit  ceci  : 

"  Contracture  d' automatisjne  meduUaire. — C'est  a  nion  maitre  Brissaud, 
dont  la  mort  prematuree  fut  un  deuil  pour  la  neurologie  francaise,  que 
revient  I'honneur  d'avoir  etudie  en  premier  les  contractures  en  flexion  ; 
mais  c'est  M.  Babinski  qui  le  premier  en  a  etabli  toute  I'importance  en 
montrant  qu'elles  avaient  une  semeiologie,  une  signification  pathologique 
completement  differentes  des  contractures  en  extension. 

"  C'est  en  effet  au  sujet  des  paraplegics  en  flexion  que  M.  Babinski  a 
etabli  une  distinction  entre  les  contractures  tendino  et  cutaneo- reflexes 
qui  marque  une  date  dans  I'histoire  des  contractures. 

"  Nous  ne  cbicanerons  pas  ici  M.  Babinski  sur  le  mot  plus  ou  moins 
heureusement  choisi  de  cutaneo-reflexe.  II  est  evident  que  cette  con- 
tracture n'a  rien  de  cutane,  puisque  les  reflexes  qui  la  caracterisent 
peuvent  etre  aussi  bien  provoques  par  I'excitation  de  la  sensibilite  pvo- 
fonde  que  par  celle  de  la  sensibilite  superficielle.  II  n'en  est  pas  moins 
vrai  que  la  contracture  en  extension  est  avant  tout  caracterisee  par 
lexageration  des  reflexes  tendineux  et  la  faible  intensite  des  reflexes 
d'automatisme  appeles  encore  de  defense.  Tandis  que  la  contracture  en 
flexion  est  caracterisee  non  seulement  par  I'exageration  considerable  des 
reflexes  d'automatisme,  mais  encore  par  la  diminution  on  I'abolition  des 
reflexes  tendineux. 

"  A  cette  difference  de  semeiologie  repondent  des  differences  profondes 
d'etiologie,  de  pronostic,  de  signification  physiologique. 

"  Voici  une  malade  qui  presente  ]jrecisement  cette  contracture  en 
flexion.  Considerons-la  un  instant.  Nous  voyons  d'abord  quelle  est  son 
attitude.  Ses  jambes  sont  ramassees  vers  elle.  Examinons-la  de  plus 
pres.  C'est  une  attitude  de  raccourcissement.  Et  ce  raccourcissement 
comporte  le  triple  retrait  segmentaire  que  nous  avons  deja  deux  fois 
rencontre  :  flexion  du  pied  sur  la  jarabe,  de  la  jambe  sur  la  cuisse,  de  la 
■cuisse  sur  le  bassin. 
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"  Poursuivons  plus  loin  notre  etude.  Les  reflexes  rotuliens  sont 
faibles,  il  n'y  a  pas  de  clonus  du  pied.  Par  contre,  ces  reflexes  d'auto- 
matisme  sont  tres  faciles  a  provoquer  :  voici  le  phenomene  des  raccour- 
cisseurs,  une  ebauche  de  reflexe  d'allongement,  un  reflexe  partiel 
d'allongement  croise.     C'est  bien  la  dissociation  decrite  par  M.  Babinski. 

"  Comment  peut-on  interpreter  cette  semeiologie  d'abord,  cette  atti- 
tude ensuite  ? 

•'  En  ce  qui  concerne  les  reflexes  d'automatisme,  leur  intensite  im- 
plique  une  liberation  de  la  moelle  inferieure.  C'est  la  un  fait  qui  n'est 
pas  sans  importance,  car  il  indique  en  general  des  lesions  plus  profondes 
que  celles  qui  s'accompagnent  de  contractures  en  extension.  On  voit 
assez  souvent  la  contracture  en  flexion  se  substituer  a  la  contracture  en 
extension.  Pendant  quelque  temps  alors,  il  y  a  lutte  entre  les  deux 
tendances  et  les  deux  reflectivites.  Toujours  la  victoire  de  la  flexion 
implique  une  aggravation  de  I'etat  du  malade. 

"  Y  a-t-il  seulement  liberation  de  la  moelle"?  N'y  a-t-il  pas  en  outre 
irritation,  exaltation  de  I'automatisme  medullaire  ?  C'est  une  chose  que, 
pour  ma  part,  je  crois,  mais  il  est  difiicile  d'en  donner  la  preuve." 

"  Quant  a  la  contracture  en  flexion  elle-meme,  son  aspect  indique 
quelle  en  est  la  pathogenic.  Elle  n'est  autre  chose,  en  effet,  qu'un 
phenomene  des  raccourcisseurs  fixe." 

Sauf  sa  remarque  sur  le  terme  cutaneo-reflexe,  M.  Poix  est  a  peu 
pres  d'accord  avec  moi.  Je  ne  trouve  pas,  soit  dit  en  passant,  que  son 
objection  soit  juste  :  peu  importe  que  les  reactions  motrices  puissent  etre 
obtenues  aussi  par  I'excitation  des  parties  profondes  ;  il  suffit  que 
I'excitation  de  la  peau  seule  puisse  y  donner  naissance  pour  quon  ait  le 
droit  de  dire  qu'elles  sont  cutanees.  Mais  c'est  la  un  point  tout  a 
fait  secondaire.  Pour  le  fond  de  la  question,  M.  Foix  confirme  mes 
observations. 

Au  contraire,  les  neurologistes  anglais,  en  particulier  MM.  Walshe  et 
Eiddoch,  expriment  des  critiques  qui  sont  peut-etre,  au  moins  en  partie,  la 
consequence  de  malentendus.  Si  je  saisis  bien  ce  qu'il  y  a  de  principal 
dans  les  idees  de  M.  Walshe  sur  les  reflexes  d'extension  et  de  flexion, 
voici  en  quoi  elles  consistent  : 

Les  extenseurs  et  les  flechisseurs  forment  deux  groupes  soumis 
chacun  a  une  forme  specifique  d'activite  reflexe  ;  elle  est  tonique  dans 
Tun,  clonique,  phasique,  dans  I'autre.  Le  centre  de  cette  activite  a  pour 
siege  unique  les  noyaux  spinaux,  en  ce  qui  concerne  les  flechisseurs  ; 
I'activite  des  extenseurs  necessite,  pour  se  maintenir,  la  mise  en  jeu  d'un 
autre  appareil  reflexe  dont  le  centre  occupe  le  mesocephale,  les  noyaux 


17(i  ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

paracerebellenx  probahleinent  (centre  des  rofiexes  de  posture). — Une 
lesion  caotonnee  dans  le  faisceau  pyramidal  exalte  a  la  fois  I'activite 
reflexe  des  extenseurs  et  celle  des  flechisseurs  et  donne  lieu  a  une  para- 
pleffie  en  extension.  Une  lesion  siegeant  au-dessus  dn  mesocephale  ne 
produirait  jamais  une  paraplegic  en  flexion. — Au  contraire,  une  lesion 
de  la  voie  pyramidale  associee  a  une  lesion  occupant  une  des  parties  de 
Tare  reflexe,  ayant  pour  centre  les  noyaux  paracerebellenx,  determine  une 
parapleoie  spasmodique  en  flexion  :  en  effet,  Tactivite  reflexe  des  flechis- 
seurs n'est  pas  afifectee  par  I'interruption  de  cette  voie  puisque  cette 
activite  est  d'origine  uniquement  spinale  ;  elle  est  meme  augmentee, 
nV'tant  plus  freinee  par  une  force  antagoniste.  De  pareilles  alterations 
donneraient  lieu  a  une  exageration  des  reflexes  s'operant  toujonrs  en 
flexion  ;  I'extension,  quand  elle  s'observe,  n'etant  qu'un  effet  du  relache- 
mentdes  flechisseurs,  ou  etant  un  allongement  croise,  toujonrs  secondaire, 
jamais  primitive. — Les  reflexes  de  defense  sont  d'autant  plus  forts  (periode 
de  shock  mise  a  part)  que  la  separation  entre  les  centres  spinaux  et  les 
centres  mesocephaliques  est  plus  grande,  que  la  liberation  de  la  moelle 
est  plus  complete. — Mais,  pour  qu'il  se  developpe  de  la  contracture,  il 
faut  que  les  muscles  aient  un  certain  degre  de  tonicite  que  n'atteignent 
pas,  meme  apres  la  periode  de  shock,  les  muscles  dans  les  cas  de 
paraplegie  consecutive  a  une  section  totale  de  la  moelle ;  la  contracture 
implicjue  la  persistance  de  quelques  connexions  entre  I'encephale  et  la 
moelle. 

A  certaujs  points  de  vue,  cette  conception  pathogcnique  cadre  avec  la 
description  clinique  que  j'ai  faite  anterieurement  de  la  paraplegie  en 
extension  et  de  la  paraplegie  en  flexion. 

Mettons  en  regard  les  caracteres  symptomatiques  traces  par  moi  de 
ces  deux  types  de  paraplegie  et  les  donnees  physio-pathologiques  enoncees 
par  les  auteurs  anglais. 

PAR.4.PLEGIE    SPASMODIQUE    EN    EXTENSION. 

(a)  Stabilite  de  la  contracture.  L'activite  reflexe  des  extenseurs 

est  a  forme  tonique. 

(6)  Reflexes  de  defense  legere-  L'activite  reflexe  des  flechisseurs 

ment  exageres  ou  a  peu  pres  nor-  a  pour  antagoniste  celle  des  exten- 
maux.  seurs. 

Paraplegie  kn  flexion. 
(a)  Instabilite  relative  de  la  con-  L'activite  reflexe  des  flechisseurs 

tracture  avec  variations  frequentes         est  a  forme  clonique  phasique. 
liees  adesmouvements  alternatifs 
de  flexion  et  d'extension  et  avec 
predominance  d'action  des  flechis- 
seurs. 
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(6)  Exageration  notable  des  re  L'activitereflexe  des  Hechisseurs 

flexes  de  defense.  n'est    plus  freinee   par    une  force 

antagoniste. 
(c)   Motricite     volontaire     pro-  Les   reflexes    de    defense    sont 

fondeinent  troublee.  d'.autant  plus  forts  que  la  libera- 

tion de  la  moelle  est  plus  cou)plete. 
id)  Les     degenerations     secon-  Pour  que  la  paraplegic  en  flexion 

daires  peuvent  etre  tres  faibles  ou         avec  contracture  se  developpe,  les 
nulles.  connexions     entre    la    moelle    ei 

I'encephale    ne    doivent    pas    etre 
completement  roinpues. 

Mais  il  est  certain  qu'il  y  a  aussi  des  divergences  pouvant  resulter  de 
ce  que  le  sens  des  termes  employes  n'a  pas  ete  suflisamment  precise. 
II  me  semble  que  MM.  Walshe  et  Kiddoch,  tout  en  reconnaissant 
I'int^ret  qu'il  y  a  a  distinguer  la  paraplegie  en  extension  de  celle  en 
flexion  et  en  rappelant  mes  travaux  sur  cettederniere,  n'ont  pas  bien  saisi 
mes  idees  et  qu'il  y  a  la  une  confusion.  Pour  eux,  la  paraplegie  spas- 
modique  en  flexion  est  realisee  quand  a  une  paraplegie,  serait-elle  flasque, 
s'associent  des  reflexes  de  defense  amenant  la  triple  flexion,  et  c'est  dans 
les  cas  de  section  complete  de  la  moelJe  qu'on  en  observerait  les  exemples 
les  plus  typiques.  Or,  dans  ma  description  de  la  paraplegie  en  flexion, 
j'ai  fait  intervenir  Teiement  raideur  (contracture  cutaneo-reflexe)  ;  cette 
rigidite,  il  est  vrai,  peut  ceder  par  moments  au  debut ;  mais  plus  tard 
elle  devient  relativement  stable.  C'est  ce  type  que  j'ai  toujours  eu  en 
vue,  celui  d'ailleurs  que  d'autres  neurologistes  ont  observe  apres  moi  et 
qu'on  rencontre  encore  assez  souvent  dans  la  pratique  habituelle,  les  cas 
de  section  totale  etant  tout  a  fait  exceptionnels. 

J'estime  etre  en  droit  de  maintenir  mon  opinion  suivant  laquelle 
ce  type  de  paraplegie  en  flexion,  avec  contracture,  reflexes  de  defense 
extremement  exageres,  exageres  au  maximum,  est  d'habitude  liee  a  des 
compressions,  des  lesions  sclereuses  diffuses  sans  degeneration  secondaire 
ou  avec  degenerations  secondaires  minimes,  ce  qui  ne  veut  pas  dire  que 
cet  etat  soit  incompatible  avec  des  degenerations  secondaires  marquees. 
A  cet  egard,  les  observations  nouvelles,  de  guerre,  si  interessantes 
qu'elles  soient,  n'infirment  aucunement  les  observations  anciennes. 

Contre  I'opinion  de  M.  Walshe  et  de  oeux  suivant  lesquels  une  lesion 
siegeant  au-dessus  du  mesocephale  ne  produirait  jamais  une  paraplegie 
en  flexion,  on  peut  faire  valoir  I'Observation  rapportee  par  MM.  Pierre 
Marie  et  Foix  [24]  et  intituiee  :  "  Paraplegie  en  flexion  d'ori^me 
cerebrale  par  necrose  sous-epidymaire  progressive." 
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*'  Notre  cas,  disent  les  auteurs,  est,  croyons-nous,  le  premier  cas 
anatoiuo-cliniqne  do  paraplegic  en  Jiexion  d'origine  ccrchrale  ;  en  tout  cas, 
le  premier  dans  lecjuel  on  ait  observe  la  dissociation  signalee  dans 
certains  cas  par  M.  Babinski  entre  les  reflexes  d'automatisme  dits  de 
defense  et  les  roHexes  tendineux^, 

*'  Ceci  est  une  notion  importante  au  point  de  vue  pbysiologique,  car 
il  n'existait  pas  chez  notre  malade  de  lesions  mesocf-phaliques,  mais 
siiuplement  une  double  lesion  cerebrale.  La  suppression  de  I'influence 
des  centres  mesocephaliques  nest  done  pas  indispensable  pour  que 
se  produise  lautomatisme  medullaire  et  la  paraplegie  en  flexion.  II 
n'est  pas  necessaire  non  plus  (]u'il  y  ait  lesion  irritative  comme  dans  le 
cas  deja  signale  de  M.  Babinski  (paraplegie  en  flexion  par  compression 
mesocephalique)  ;  une  simple  lesion  destructive  suffit,  en  supprimant 
I'influence  cerebrale." 

A  ce  sujet,  je  rappellerai  que  dans  mon  travail  de  1911  sur  la  Para- 
plegie spasmodique  avec  contracture  en  flexion,  j'ecrivais  ceci,  p.  135  : 
"  Des  lesions  bilaterales  de  I'encephale  semblent  pouvoir  donner 
naissance  a  un  syndrome  analogue  "  [8]. 

II  faut  s'attendre  a  la  publication  de  nouvelles  observations  et  a  de 
nouvelles  discussions.  Le  dernier  mot  sur  cette  question  ne  parait  pas 
avoir  ete  dit. 

♦  *  *  * 

Dans  une  communication  intitulee  :  "  De  la  surreflectivite  hyper- 
algesique  "  [8],  nous  avons  relate,  Jarkowski  et  moi,  trois  Observations 
de  Syndrome  de  Brown-Sequard,  dans  lesquelles  nous  avons  ete  frappes 
par  la  presence  d'un  meme  phenoraene  dont  voici  les  traits  essentiels  : 
une  excitation  telle  que  le  pincement  de  la  peau  du  cote  de  la  lesion,  ou 
il  y  a  de  I'hyperalgesie,  sans  etre  suivie  d'aucune  manifestation  de  ce 
cote,  donne  lieu  du  cote  oppose  a  une  reaction  motrice  brusque,  en 
meme  temps  qu'elle  determine  des  grimaces  et  une  inspiration  bruyante 
(phenomenes  analogues  aux  "  pseudaffective  reflexes "  observes  par 
Sherrington  chez  les  animaux  decerebres). 

Dans  un  travail  ulterieur,  "  Automatisme  et  hyperalgesie  dans  I'hemi- 
plegie  cerebrale"  [9],  nous  avons  relate  les  faits  suivants :  chez  certains 
hemiplegiques  presentant  de  I'hyperalgesie,  I'excitation  des  teguments 
du  membre  inferieur  est  suivie  d'une  reaction  motrice  du  membre 
superieur  du  cote  sain,  dififerente  suivant  qu'on  excite  le  cote  sain  ou 
le  cote  malade.  Dans  le  premier  cas,  la  main  se  porte  sur  le  point  excite 
comme  pour  le  proteger.  Dans  le  deuxieme,  le  membre  superieur  se 
souleve,  la  main  se  porte  sur  la  tete  et  vient  s'appliquer  soit  a  sa  partie 
anterieure,  soit  a  sa  partie  posterieure.     Dans  certains  cas,  nous  avons 
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ete  frappes  par  la  Constance  avec  laquelle  ces  reactions  se  produisaient. 
On  pouvait  a  volonte,  en  pingant  alternativement  les  deux  cotes,  faire 
executer  a  la  main  saine  des  mouvementsen  sens  inverse  :  la  main  etait- 
elle  appliquee  snr  la  tote  a  la  suite  du  pincement  du  cote  malade,  on 
obtenait  son  deplacenient  vers  le  membre  interieur  du  cote  sain  en 
pin^ant  la  jambe  saine  ;  et  si  alors  on  pin(;ait  la  janibe  du  cote  malade, 
le  bras  s'elevait  de  nouveau  et  la  main  se  portait  sur  la  tete. 

Ces  reactions  motrices  different  cliniqueraent  de  celles  que  nous 
avons  etudiee  dans  notre  Conference.  Nous  les  rapprochons  des  reflexes 
de  defense,  mais  nous  les  en  distinguons.  Les  unes  et  les  autres  peuvent 
d'aiUeurs  etre  associees. 

Nous  pensons  que  les  reactions  observees  chez  les  malades  qui  font 
I'objet  de  notre  travail  sur  la  reflectivite  hyperalgesique  sont  des  reflexes 
ayant  leur  centre  dans  I'encephale. 

Quant  aux  mouvements  de  la  main  vers  la  tete  constates  chez  les 
heraiplegiques  dans  notre  Note  sur  I'automatisme  et  I'hyperalgesie,  nous 
sommes  portes  a  croire  qu'il  s'agit  la  d'un  acte  automatique  declenche 
par  la  sensation  speciale  qui  resulte  de  I'hyperalgesie,  sensation  nouvelle^ 
non  encore  eprouvee,  insolite  et  occasionnant  ainsi  une  surprise,  un  etat 
d'anxiete  que  traduit  la  physionoraie  du  malade,  bien  que  sa  conscience 
puisse  etre  considerablement  amoindrie. 

Nous  avons  cru  devoir  signaler  ces  pbenomenes  dont  on  trouvera  la 
description  detaillee  dans  nos  publications.  Mais  nous  n'y  insisterons 
pas  davantage,  faute  de  temps  et  parceque,  en  le  faisant,  nous  sortirions 
des  limites  de  notre  programme. 


Je  me  suis  propose  de  traiter  dans  cette  Conference  la  question  des 
reflexes  de  defense  surtout  en  clinicien,  en  neurologiste.  Je  ne  crois 
pas  cependant  pouvoir  la  terminer  sans  vous  dire  quelques  mots  du 
mecanisme  de  ces  reflexes,  dont  il  a  ete  deja  question,  du  reste. 

Vous  avez  vu  que  MM.  Marie  et  Foix  ont  msiste  sur  la  presence  des 
reflexes  d'extension  croisee  observes  par  eux  chez  certains  sujets  atteints 
de  lesions  de  la  voie  pyramidale.  Les  rapprocbant  du  "  crossed  extension 
reflex  "  de  Philipson,  ils  arrivent  a  cette  conclusion  que  les  mouvements 
reflexes  dits  de  defense  sont  des  mouvements  du  meme  ordre  que  les 
mouvements  du  stepping  reflex  et  constituent  des  manifestations  de 
I'automatisme  spinal  de  la  marche.  Les  neurologistes  anglais  contestent 
I'exactitude  de  cette  conception  ;  ils  soutiennent  que  chez  I'homme,  dans 
les  sections  totales  de  la  moelle,  les  excitations  nociceptives  d'un  cote, 
quand   elles   provoquent  I'activite    des  extenseurs   du   cote  oppose,    ne 
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donuent  lieu  qua  des  contractions  lecjeres  sans  deplacement  des  divers 
segments  du  nieinbre,  et  que  les  luouvements  alteinatifs  rythm6s  qu'on 
observe  chez  le  cbien  spinal  font  ici  d^faut. 

"M.  Foix,  dans  line  publication  recente  :i  laquelle  jai  dej^  fait  des 
emprunts,  senible  faire  quelques  concessions  tout  en  luaintenant 
en  grande  partie  son  opinion  premiere.  "  II  est  possible,  dit-il,  que 
I'automatisme  de  defense  entre  pour  une  part  dans  la  patbog^nie  de 
ces  reflexes,  mais,  pour  la  majeure  part,  ils  se  rattachent  k  I'une  des 
fonctions  essentielles  de  la  moelle,  c'est  a  dire  a  I'automatisme  de  la 
marcbe.'* 

J'ai  cberche  precedemment  a  faire  ressortir  la  distinction  capitale 
<iuetablissent  les  auteurs  anglais  entre  le  groupe  des  fiecbisseurs  et  celui 
des  extenseurs  soumis  cbacun  a  une  forme  specifique  d'activit^  reflexe  : 
les  reflexes  d'extension  seraient  des  reflexes  de  posture ;  les  reflexes  de 
flexion  seraient  des  reflexes  cloniques,  phasiques.  C  est  dans  le  groupe 
de  ces  derniers  reflexes  que  rentrent  pour  la  plus  grande  part  ce  qu'on 
appelle  les  reflexes  de  defense. 

La  conception  fondamentale  des  neurologistes  anglais,  issue  des  idees 
de  Jackson,  de  Sherrington,  est  que  ces  reflexes  de  flexion  tels  qu'on  les 
observe  a  I'etat  pathologique  traduisent  la  liberation  de  la  moelle  par 
rapport  aux  centres  superieurs. 

Les  faits  observes  cadrent  fort  bien  pour  la  plupart  avec  cette  con- 
ceptioii.  Toutefois,  sans  en  contester  la  justesse,  on  peut  se  demander 
si,  dans  la  genese  des  pbenomenes  en  question,  I'element  "irritation" 
ne  peut  pas  jouer  aussi  un  certain  role. 

C'est  une  idee  que  M.  Foix  tend  a  admettre,  comme  on  I'a  vu 
precedemment. 

Ce  fait  que  les  reflexes  de  defense  m'avaient  paru  des  mes  premieres 
observations  particulierement  intenses  dans  les  cas  de  compression  de  la 
moelle  et  de  sclerose  spinale  sans  degeneration  secondaire  m'avait  deja 
conduit  autrefois  a  cette  meme  idee. 

A  I'appui  de  cette  maniere  de  voir  on  peut  invoquer  encore  d'autres 
faits  sur  lesquels  nous  avons  deja  insiste.  On  peut  observer  parfois — 
nous  le  rappelons — des  sujets  atteints  de  lesions  spinales  qui,  apres  avoir 
presente  une  paraplegie  plus  ou  raoins  marquee,  paraissent  completement 
retablis :.  la  niotricite  est  redevenue  norraale,  la  sensibilite  est  intacte,  il 
n'y  a  pas  de  perturbation  des  sphincters,  et  cependant  il  y  a  persistance 
tres  nette  du  signe  des  orteils  et  de  la  flexion  reflexe  du  pied.  Sauf  ces 
derniers  pbenomenes,  le  fonctionnement  du  systeme  nerveux  semble 
absolument  normal.  Est-il  permis  de  soutenir  en  pareil  cas  qu'il  y  a 
liberation  de  la  moelle  V  Ce  ne  serait  alors  qu'une  liberation  relative 
aux   reflexes   de   defense.     L'etat   pathologique  de   ces    reflexes   ne   se 
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comprendrait-il  pas  mieux  dans  des  cas  de  ce  genre  si  Ton  admettait 
qu'il  est  sous  la  dependance  de  rirritation  des  centres  nerveux  produite 
par  le  reliquat  de  la  lesion  ? 

Considerant   maintenant   la   question    d'un    autre    point    de  vue,   je 
souniettrai  quelques  idees  a  vos  reflexions. 

Au  debut  de  cette  Conference,  j'ai  trace  un  parallele  entre  les  reac- 
tions niotrices  consecutives  aux  excitations  peripheriques  suivant  qu'elles 
sont  pathologiques  ou  physiologiques.  II  resulte  de  ce  que  j'ai  dit  que 
les  premieres  peuvent  etre  considerees  comme  Texageration  des  secondes, 
ou  plutot  les  secondes  comme  la  reduction  des  premieres :  de  part  et 
d'autre,  en  effet,  ou  observe  le  phenomene  de  la  triple  flexion  avec  con- 
traction du  tenseur  du  fascia  lata  ;  mais  ce  qu'il  y  a  •  de  special  aux 
reactions  physiologiques  c'est  qu'on  ne  les  obtient  que  par  I'excitation  de 
la  zone  plantaire  et  que  les  mouvements  sont  plus  rapides  et  moins 
amples.  A  I'etat  pathologique,  la  triple  flexion  (seul  mode  de  reaction 
que  j'envisage  ici)  semble  bien  pouvoir  etre  interpretee  comme  un  retour 
a  un  etat  ancestral :  la  partie  excitee  fuit  I'objet  vulnerant  (retrait  du 
membre,  raccourcissement)  et  une  excitation  pent  determiner,  loin  du 
point  ou  elle  a  eu  lieu,  un  mouvement  de  fuite  ;  c'est  ainsi  que  la  triple 
flexion  pent  etre  provoquee  par  excitation  de  I'abdomen  ou  du  thorax. 
A  I'etat  physiologique,  ces  reactions  ancestrales  se  sont  maintenues, 
maisont  subi  des  modifications  importantes.  Comment  le  comprendre? 
On  pourrait  dire  que  lorsque  les  centres  superieurs  ont  asservi  les 
centres  inferieurs,  ceux  qui  correspondaient  aux  centres  spinaux,  ils 
ont  inhibe  les  reactions  susceptibles  d'etre  nuisibles  a  I'individu  et 
ont  laisse  subsister,  en  les  adaptant  a  ses  besoins,  celles  qui  sont 
capables  de  lui  servir.  Or,  il  est  evident  que  la  triple  flexion  consecutive 
a  une  excitation  de  la  jambe,  de  la  cuisse  ou  de  I'abdomen  ne  pourrait 
avoir  que  des  inconvenients  ;  cette  reaction  a  done  ete  supprimee.  Que 
sous  I'influence  d'une  irritation  nocive  de  la  plante  du  pied  continuelle- 
ment  en  contact  avec  le  sol,  la  triple  flexion  s'opere,  meme  independam- 
ment  de  la  volonte,  cela  ne  peut  etre  qu'utile  ;  cette  reaction  a  done  ete 
conservee.  Mais  il  y  a  interct  aussi,  au  point  de  vue  de  la  marche,  a  ce 
que  la  reaction  ne  soit  pas  de  longue  duree  ;  aussi  la  decontraction 
est-elle  rapide  au  lieu  d'etre  lente.  On  saisit  ainsi  les  raisons  pour 
lesquelles,  a  I'etat  physiologique,  les  reactions  motrices  qui  me  paraissent 
ressortir  aux  reflexes  de  defense,  s'effectuent  avec  rapidite  et  ne  se  pro- 
duisent  que  lorsque  les  excitations  portent  sur  la  region  plantaire. 

II  me  semble  interessant  de  rappeler  a  ce  propos  que  dans  les  sections 
totales  de  la  moelle,    apres  la   periode    de   shock,    lorsque    les  reflexes 
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cutanes  reparaissent.  la  region  plantaire  est  seule  reflexogene  pendant  un 
certain  temps. 

Comparons  maintenant  le  reflexe  des  orteils  aux  reflexes  precedents. 
Si  II  I'etat  pathologiqiie  la  reaction  habitnelle  des  orteils,  I'extension, 
pent  etre  rapprochee,  en  ce  qui  concerne  son  mecanisnie,  de  la  triple 
flexion,  a  I'etat  physiologiqnele  mouvement  des  orteils,  la  flexion,  semble 
avoir  une  autre  signification  que  la  triple  flexion  du  pied,  de  la  jambe  et 
de  la  cuisse.  M.  Kiddoch  fait  observer  que  la  flexion  reflexe  des  orteils 
fait  parlie  du  stepping-reflex,  et  qu'elle  acconipagne  I'extension  de  la 
cuisse,  de  la  jambe  et  du  pied.  Mais  il  est  a  remarquer  qu'a  I'etat  physio, 
logique  chez  Thomme,  I'excitation  de  la  plante  du  pied,  qui  provoque  la 
flexion  des  orteils,  determine  du  meme  cote  la  triple  flexion  du  raembre 
inferieur  et  il  en  resulte  une  quadruple  flexion.  Cette  flexion  des  orteils 
ne  serait-elle  pas  aussi  le  temoin  d'une  reaction  ancestrale,  ayant  apparu 
toutefois  a  une  periode  du  developpement  plus  avancee  que  les  reflexes 
de  defense  dont  il  a  ete  precedemment  question,  periode  oii  les  orteils 
servaient  de  griffe?  Cette  reaction  avait  aussi  en  partie  la  protection 
pour  but,  mais  c'etait  un  mode  de  protection  different  de  celui  qui  est 
realise  par  les  reflexes  de  defense  primitifs  ;  il  ne  s'agit  plus  d'une  fuite 
localisee,  d'une  retraite  en  face  d'une  offensive  ;  ce  mouvement  de  griffe 
vis  a  vis  d'une  aggression  constitue  une  contre-offensive,  mode  de  pro- 
tection d'un  ordreplus  eleve  ;  on  con9oit  du  reste  fort  bien  qu'un  animal 
cherchant  a  se  defendre  combine  I'attaque  avec  la  fuite.  On  saisirait 
ainsi  la  quadruple  flexion  a  I'etat  physiologique  :  la  flexion  de  la  cuisse, 
de  la  jambe  et  du  pied  ressortissant  aux  reflexes  de  defense  primitifs,  la 
flexion  des  orteils  etant  I'expression  atavique  d'un  reflexe  de  prehension. 

Cette  conception  permettrait  de  comprendre  pourquoi  I'extension  des 
orteils  n'est  pas  toujours  associee  a  la  triple  flexion  ;  suivant  que  dans  le 
domaine  des  orteils,  le  reflexe  de  fuite  I'emportera,  ce  qui  est  la  regie  a 
I'etat  pathologique,  sur  ce  que  nous  appelons  le  reflexe  de  prehension,  ou 
bien  sera  domine  par  lui,  onobtiendra  I'extension  ou  la  flexion  des  orteils. 

Je  rappellerai  a  ce  propos  que  M.  van  Woerkom,  dans  le  travail  cite 
plus  haut,  fait  ressortir  que  "  le  gros  orteil  est  construit  dans  certams 
stades  de  la  vie  intra-uterine  pour  remplir  une  fonction  de  prehension." 
Cet  etat  qui  chez  les  autres  primates  est  perpetuel,  est  passager  chez 
I'homme. 

Est-il  necessaire  d'ajouter  qu'il  s'agit  la  pour  une  grande  part 
d'bypotheses ! 


Des  le  debut  de  mes  recherches  sur  le  phenomene  des  orteils,  j'avais 
eu  I'occasion  de  le  constater  chez  des  nourrissons,  et  il  m'avait  semble 
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qu'il  persistait  approximativement  jusqu'a  la  periode  ou  I'enfant  com- 
mence a  marcher,  ce  qui  s'explique  quand  on  se  rappelle  quel  est  I'etat 
du  sysfceme  pyramidal  a  cette  epoque  de  la  vie  :  on  peut  dire  que  i'enfant 
est  atteint  d'une  paraplegic — curable — comme  on  peut  dire  aussi  que 
chez  lui  la  moelle  n'est  pas  encore  sous  la  domination  de  I'encephale. 

D'apres  Leri  [20],  a  la  naissance  I'extension  des  orteils  est  la  regie  ; 
la  flexion  I'exception.  L'extension  disparait  en  general,  chez  I'enfant 
normal,  vers  5  ou  6  mois,  mais  il  y  a  des  varietes  individuelles  ;  il  peut 
y  avoir  une  periode  de  transition  assez  prolongee,  marquee  par  des  alter- 
natives de  flexion  et  d'extension  et  souvent  par  l'extension  unilaterale. 

Des  recherches  nouvelles  de  Bersot  [12],  de  Lantuejoul  (communi- 
cation orale)  ont  montre  qu'il  y  avait  lieu  de  rectifier  un  pen  les  donnees 
precedentes  :  a  la  naissance,  puis  pendant  un  laps  de  temps  d'une  duree 
assez  courte,  les  orfceils  reagissent  en  flexion  et  ce  n'est  qu'ulterieurement 
que  l'extension  apparait.  Cela  surprend  d'abord,  mais  n'est  pas  contra- 
dictoire  si  Ton  admet  que  la  flexion  des  orteils,  reaction  physiologique 
il  est  vrai,  est  le  reliquat  d'une  reaction  ancestrale  et  si  Ton  se  rappelle 
que  chez  I'adulte  on  peut  observer  un  reflexe  en  flexion  chez  des  sujets 
atteints  de  lesions  averees  de  la  voie  pyramidale. 

En  ce  qui  concerne  la  flexion  reflexe  du  pied,  on  la  constate  aussi 
chez  I'enfant,  ainsi  que  I'a  etabli  une  de  mes  eleves.  Mile  Rosenblum, 
qui  a  fait  de  cette  question  robjet  de  sa  These  inaugurale  ;  mais  l'exten- 
sion du  gros  orteil  subsiste  d'habitude  plus  longtemps  que  la  triple 
flexion. 

Je  vous  signale  avant  de  terminer  un  travail  de  M.  Minkowski  ayant 
pour  titre  :  "  Sur  les  mouvements,  les  reflexes  et  les  reactions  muscu- 
laires  du  fcetus  humain  de  2  a  5  mois,  et  leurs  relations  avec  le  systeme 
nerveux  foetal  "  [25], 

J'extrais  de  cet  article  (p.  1113)  le  passage  suivant  :  "  On  peut  dire 
en  general  que  chaque  partie  des  teguments  peut  servir  de  zone  reflexo- 
gene  a  des  reactions  motrices  tres  variables,  proches  et  lointaines,  ayant 
la  tendance  a  se  generaliser  plus  ou  moins  a  tout  I'organisme  foetal." 

Cette  donneeest  a  rapprocher  de  ce  que  nous  avons  dit  precedemment 
sur  la  possibilite  de  provoquer  parfois,  a  I'etat  pathologique,  des  reflexes 
des  orteils  et  du  pied  en  excitant  les  teguments  de  I'abdomen  et  du  thorax. 

Messieurs,  comme  vous  venez  de  le  voir,  I'etude  des  reflexes  de  defense 
souleve  des  problemes  de  phylogenie  et  d'ontogenie,  et  a  cet  egard  elle 
est  deja  fort  interessante ;  mais  elle  Test  surtout  pour  le  neurologiste. 
Ces  reflexes  constituent  un  chapitre  important  de  la  pathologic  du 
systeme  nerveux. 
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Introduction. 

The  researches  on  which  this  paper  is  based  were  commenced 
originally  in  a  search  for  a  preparation  which  would  allow  experiments 
on  the  origin  of  surgical  shock,  and  also  on  the  effect  of  temperature  on 
the  resistance  to  infection  in  animals  not  under  an  anaesthetic  and  yet 
without  there  being  any  possibility  of  pain.  The  Sherrington  prepara- 
tion seemed  ideal  for  this  purpose,  since  the  question  of  any  conscious 
sensation  could  be  completely  excluded,  and  in  addition  the  preparation 
would  remain  quiet  during  experimentation.  The  main  object  has, 
therefore,  been  to  develop  a  technique  which  would  allow  the  preserva- 
tion of  the  decerebrate  animal  for  many  days,  in  spite  of  the  removal 
not  only  of  the  cerebrum,  but  also  of  the  basal  ganglia  and  most  of  the 
mid-brain.  This  has  necessitated  the  use  of  124  animals,  and  in  the 
course  of  the  work  some  points  of  interest  have  arisen  in  connection 
with  the  reflexes  and  the  histological  anatomy.  In  many  experiments 
our  data  are  not  as  complete  as  we  would  have  wished,  but  it  was  found 
that  the  process  of  examining  the  animals  diminished  their  chance  of 
survival  and  consequently  the  observations  had  to  be  curtailed,  if  the 
main  object  of  the  research  was  to  be  attained. 

In  spite  of  these  difficulties  a  certain  number  of  important  facts 
were  demonstrated.  One  of  the  most  noticeable  was  the  very  remark- 
able similarity  between  the  decerebrate  preparations  which  had  been 
kept  "alive  '  for  two  or  three  weeks,  and  the  acute  preparations  described 
by  Sherrington  on  examination  an  hour  or  so  after  the  operation.  The 
decerebrate  rigidity  often  continues  (with  only  brief  intermissions)  for 
weeks,  so  that  there  can  be  no  possibility  of  the  condition  being  due  to 
stimulation  of  the  cut  nerve  fibres  at  the  site  of  operation,  and  since  in 
this  time  the  damaged  nerves  are  undergoing  degeneration  it  is  possible 
to  exclude  definitely  some  structures  from  any  participation  in  this 
reflex.     On  the  other  hand,  the  chronic  preparations  do  show  certain 
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definite  differences  from  the  acute  ;  for  instance,  after  the  first  two  or 
three  days  a  small  percentage  of  the  animals  will  occasionally  make 
definite  sounds,  and  these  sounds  appear  to  be  reflex  since  they  occur 
usually  as  the  result  of  some  definite  stimulus.  The  most  common  of 
these  sounds  was  purring  occurring  immediately  after  the  stomach  had 
been  filled  with  milk  by  a  stomach  tube,  while  mewing  has  only  been 
observed  in  two  animals,  and  in  these  it  occurred  only  once  or  twice  and 
could  not  be  made  to  recur  by  applying  stimuli  which  would  be  painful 
to  a  conscious  animal. 

Extensive  histological  studies  have  only  been  possible  on  a  few  of 
the  preparations,  but  in  these  the  results  are  of  interest  since  we  believe 
that  never  before  have  preparations  been  maintained  in  a  sort  of  life 
so  as  to  allow  degeneration  to  occur  after  such  complete  removal  of  all 
the  higher  nervous  centres.  In  many  other  cases  the  nervous  tissue 
was  useless  for  detailed  examination  as  the  result  of  incubation  for 
some  hours  after  death  and  consequent  rapid  post-mortem  changes. 

Chapter  I. — Historical  Note  on  Decerebration. 

The  method  of  removing  parts  of  the  brain  in  order  to  study  func- 
tion in  the  central  nervous  system  has  been  employed  since  Eolando's 
experiments  on  birds  in  1809.  Flourens,  indeed,  succeeded  in  keeping 
pigeons  alive  for  months  after  the  removal  of  the  fore-brain.  But 
Longet  [32] ,  in  1842,  first  discriminated  carefully  as  to  what  brain 
structures  he  actually  removed.  He  noticed  that  many  "  reactions  " 
remained  if  he  removed  all  of  the  brain  down  to  and  including  the 
coUiculi — "  chose  remarquable  !  " ;  but  that  after  removal  of  the  pons 
all  reactions  disappeared,  excepting  only  respiration  and  circulation. 

Goltz  kept  three  decerebrate  dogs  alive  for  months.  The  brain-stem 
of  one  animal  most  carefully  studied  was  examined  by  Gordon  Holmes 
[21] ,  who  found  that  a  considerable  amount  of  thalamus  and  all  the 
cranial  nerves  were  intact,  although  there  seemed  to  be  some  softening 
of  the  corpora  quadrigemina.  There  was  no  loss  of  temperature  control 
and  the  animal  shivered  in  a  cold  room.  It  could  walk  and  would  eat 
when  brought  close  to  food.  Rothmann  [51]  [52]  likewise  produced  a 
chronic  preparation,  a  dog  from  whom  all  or  most  of  the  brain  above 
the  optic  thalamus  was  removed.  This  animal  ate  and  drank  normally 
walked  and  ran  and  showed  a  limited  ability  to  learn.  He  likewise 
had  normal  temperature  control  and  apparently  normal  muscle  tone. 
Karplus  and  Kreidl  [25]  extirpated  the  hemispheres  of  monkeys  and 
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kept  one  alive  as  lonf;  as  twenty-six  days.  More  recently,  Dusser  de 
Barenne  [2]  has  kept  one  cat  alive  six  months,  and  another  animal 
eleven  months,  after  removing  the  fore-brain.  A  careful  examina- 
tion by  Brouwer  [7]  of  the  post-mortem  material  showed  the  thalamus, 
mid-brain,  and  rhinencephalon  to  be  intact  in  one,  and  most  of  the 
thalamus  and  mid-brain  in  the  other.  These  preparations  did  not  show 
decerebrate  rigidity  and  were  able  to  maintain  a  normal  temperature. 
Only  the  animal  with  a  portion  of  the  fore-brain  intact  would  eat 
spontaneously. 

As  indicated  briefly  above,  in  all  previous  chronic  decerebrate  pre- 
parations much  of  the  thalamus  was  intact  as  well  as  the  mid-brain. 
The  animals  possessed  normal  temperature  control  and  have  been 
able  to  execute  compHcated  co-ordinated  movements. 

Decerebration  at  the  level  of  the  mid-brain  was  shown  by  Sherrington 
in  189()  to  produce  "  decerebrate  rigidity."  This  condition  in  acute 
preparations  has  been  the  subject  of  much  study  since  that  time  by 
Horsley,  Thiele,  Weed,  Magnus,  Cobb,  et  al.  Their  conclusions  will  be 
discussed  in  another  part  of  this  communication.  Becently,  signs  and 
symptoms  in  a  group  of  patients  considered  to  be  analogous  to  decere- 
brate animals  have  been  described  by  Wilson  [63].  Riddoch  and 
Buzzard  [49]  have  also  described  such  symptoms  m  man. 

Boyce  [6],  in  1895,  removed  the  brain  on  one  side  down  to  the 
middle  of  the  mesencephalon  and  kept  the  animals  (cats)  alive  as  chronic 
preparations.  His  principal  interest  was  in  the  descending  degenera- 
tions thus  produced.  Probst  [46],  in  1904,  made  sections  through  one 
lateral  half  of  the  mid-brain  without  removing  any  tissue  and  studied 
the  general  behaviour  of  the  animals  as  chronic  preparations. 

This  brief  sketch  makes  no  pretence  to  enumeration  of  all  of  the 
valuable  contributions  to  neurology  made  by  this  experimental  method. 
In  general,  preparations  produced  by  decerebration  at  higher  levels  and 
extending  down  as  far  as  the  medulla  oblongata  have  been  studied  as 
acute  experiments.  In  the  case  of  all  previous  chronic  experiments,  the 
level  of  removal  has  been  at  least  well  above  the  mid-brain  and  most 
of  the  thalamus. 

Chapter  II. — Technique. 

The  animals  used  have  been  cats  in  all  cases.  The  general  pro- 
cedure has  been  to  decerebrate  the  animals  aseptically  under  an 
anaesthetic  and  then  to  keep  them  under  conditions  which  will 
maintain  by  artificial  means  their  temperature  constant.     In  the  main 
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the  technique  has  followed  the  lines  described  by  one  of  us  (H.  C.  B.)  [4] 
in  a  preliminary  communication/  but  as  it  has  been  modified  in  details 
it  will  be  advisable  to  give  here  a  full  description.  The  whole  process 
is  founded  on  Sherrington's  original  (and  older)  method  developed  in 
1896  [53]   [54]. 

(a)    Operative. 

Pure  chloroform  has  been  used  as  the  anaesthetic  since  we  have  had 
no  success  with  ether.  The  preparations  have  considerable  difficulty 
in  getting  rid  of  mucus  and  this  probably  accounts  for  the  difliculties 
we  have  had.  Subcutaneous  injection  of  0'5  mgm.  of  atropine  has  been 
given  immediately  after  induction  of  anaesthesia  in  some  animals, 
perhaps  with  beneficial  effect.  During  the  actual  decerebration  a  total 
cessation  of  respiratory  movements  for  a  short  while  is  not  uncommon, 
and  causes  the  loss  of  some  animals.  To  overcome  this  intratracheal 
insufflation  has  been  tried  both  with  chloroform  and  ether.  With 
chloroform  insufflation  we  have  had  some  success,  but  the  greater  irrita- 
tion to  the  trachea  and  the  consequent  risk  of  infection  seem  to  more 
than  counterbalance  the  diminished  risk  of  the  actual  operation. 
Cessation  of  respiration  is  less  liable  to  occur  if  the  animal  is  deeply 
anaesthetized  at  the  time  the  section  is  made,  so  that  with  a  good 
anaesthetist  trouble  of  this  kind  is  rare,  even  with  an  ordinary  inhalation 
method,  and  it  is  this  that  we  have  mostly  used. 

The  skin  on  the  back  of  the  head  is  shaved,  cleaned  and  painted 
with  an  alcoholic  solution  of  iodine,  and  in  the  later  technique  the 
animal  is  then  turned  over  and  the  front  of  its  neck  is  also  shaved.  A 
small  incision  is  made  (1  to  2  cm.  in  length)  in  the  mid-line  at  the 
level  of  the  thyroid  cartilage,  and  from  this  both  carotid  arteries  can 
be  reached  ;  a  thick  ligature  is  passed  around  each  of  them,  and  is 
then  tied  to  form  a  loop  so  that  traction  can  be  made  on  the  vessels  to 
obstruct  the  blood-flow  as  desired.  These  two  loops  are  brought  out 
through  the  middle  line  and  then  the  wound  is  closed  with  two  or  three 
wa.Ked  silk  sutures.  Haemostat  forceps  hanging  on  these  loops  during 
the  actual  process  of  dedferebration  will  prevent  most  of  the  bleeding 
and  allow  much  more  accurate  work.  It  does  not  seem  necessary  to 
take  any  aseptic  precautions  after  this  neck  wound  has  once  been 
stitched  up,  and  we  have  had  no  serious  infection  of  these  wounds. 

The  animal  is  then  again  turned  over  and  an  incision  made  on  the 

1  111   the   protocols   "earlier   method"   indicates   that   the   operation    was  performed  as 
described  in  this  communication. 
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back  of  the  head.  A  skin  flap  is  turned  back  on  one  side,  the  temporal 
muscle  is  separated  from  the  bone,  the  skull  is  trephined  and  the 
hole  enlarged  to  a  good  size.  While  the  actual  decerebration  is  per- 
formed the  weights  on  the  carotid  are  allowed  to  hang  free  and 
constrict  the  vessels  and  the  anaesthetist  compresses  the  vertebral 
arteries  just  below  the  transverse  processes  of  the  atlas.  The  dura  is 
opened  and  with  a  blunt  spatula  the  occipital  lobe  on  the  near  side  is 
removed  so  as  to  bring  into  view  the  corpora  quadrigemina.  The 
division  across  the  brain-stem  can  then  be  made  at  any  desired  level ; 
this  is  done  with  the  same  blunt  spatula,  carrying  the  cut  right  through 
the  brain  to  the  base  of  the  skull.  It  has  proved  much  more  satisfac- 
tory to  make  absolutely  certain  of  preserving  the  pituitary  gland  intact, 
as  will  be  explained  later,  and  this  has  been  attained  most  easily  by  the 
careful  choice  of  the  plane  of  the  section  and  by  carrying  a  horizontal 
cut  forwards  with  a  specially  bent  and  rather  blunt  scalpel,  starting 
from  the  transverse  incision  and  passing  forwards  through  the  base  of  the 
brain  a  millimetre  or  two  above  the  level  of  the  pituitary.  The  whole 
of  the  brain  matter  above  these  two  cuts  is  then  scooped  out  and  the 
cavity  is  lightly  plugged  with  cotton  wool.  After  this  the  vertebral 
arteries  may  be  released  and  a  little  later  the  carotid  blood-flow  may  be 
allowed  to  return.  The  whole  procedure  of  removing  the  brain  should 
only  take  about  a  minute  or  two. 

The  packing  in  the  cavity  is  left  for  five  or  ten  minutes  and  is  then 
carefully  removed.  If  there  is  any  bleeding  a  small  pad  of  muscle  is 
put  over  it  and  packing  is  repeated  and  nmintained  for  another  five 
minutes.  When  the  cavity  is  quite  dry  tlie  closing  of  the  wound  is 
commenced.  It  is  important  to  obliterate  the  large  dead  space  of  the 
cranial  cavity  in  order  to  minimize  the  chance  of  infection.  This  has 
been  done  usually  by  filling  it  with  a  mixture  of  equal  parts  of  vaseline 
and  paraffin  wax  (melting  55°  C),  the  mixture  setting  at  about  45'^  C. 
It  is  sterilized  by  heating  to  140'^  C.  for  three-quarters  of  an  hour  on 
three  successive  days.  If  the  haemorrhage  has  been  difficult  to  stop  it 
is  usually  safer  first  to  spread  over  the  base  of  the  skull  a  thin  layer  of 
gauze  soaked  in  saline,  the  end  of  the  gauze  protruding  through  the 
wound,  the  temporal  muscle  being  split  vertically  so  as  to  make  this 
easier,  and  then  pour  in  the  wax  at  a  temperature  of  about  47^  C, 
allowing  it  to  set  in  the  cranium.  The  wax  does  not  stick  to  the  wet 
gauze,  so  that  when  the  wax  is  set  the  gauze  may  be  gently  withdrawn, 
or  if  hemorrhage  is  feared  it  may  be  left  in  place  until  the  following 
day.     In  the  latter  case  a  corner  of  the  gauze  may  either  be  allowed  to 
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protrude  through  a  counter-incision  in  the  skin,  or  it  may  lie  just 
beneath  the  skin  which  has  been  closed  by  a  suture  above  it,  so  that 
on  the  next  day  the  stitch  may  be  removed  and  the  gauze  withdrawn 
without  any  trouble.  It  is  probable  that  it  is  best  to  leave  always  a 
little  gauze  in  place  while  the  wax  is  setting,  since  on  removal  it  leaves 
a  small  cavity  and  so  allows  room  for  some  swelling  of  the  remaining 
parts.  In  the  earlier  experiments  where  the  whole  brain  matter  to  the 
level  of  the  tentorium  was  scraped  away  trouble  from  this  factor  was 
not  conspicuous,  but  with  the  modification  of  the  operation  as  here 
described  a  post-operative  rise  in  intracranial  pressure  may  play  a  more 
important  role. 

In  the  few  animals  in  which  only  one  hemisphere  has  been  removed 
the  use  of  wax  has  proved  unsatisfactory,  probably  owing  to  the  much 
greater  chance  of  swelling  of  the  remaining  parts  in  these  animals.  In 
the  unilateral  decerebrations  in  consequence  the  cavity  has  been  merely 
filled  with  saline  and  it  is  conceivable  that  this  might  also  be  satisfactory 
even  in  the  complete  decerebrations.  The  other  variations  in  the 
technique  in  the  unilateral  operation  are  described  later  (Chapter  IV), 
since  all  these  animals  have  been  operated  on  by  W.  G.  P.  An  attempt 
has  also  been  made  to  get  rid  of  the  dead  space  in  the  animals  by 
removing  the  whole  cranial  vault  and  drawing  together  the  two 
temporal  muscles  over  the  base  of  the  skull.  Unfortunately  it  is  not 
possible  to  make  these  muscles  cover  the  space  completely,  nor  is  it  pos- 
sible to  leave  a  smooth  surface  at  the  base  of  the  skull  without  opening 
the  nasal  sinuses,  and  in  our  experience  this  had  led  to  an  infection  of 
the  wound  with  a  regularity  not  seen  in  the  paraffin  method.  For 
experiments  lasting  only  three  or  four  days,  however,  it  is  satisfactory. 

The  main  difference  between  the  later  technique  and  the  earlier  one 
previously  described  is  the  horizontal  section  just  above  the  level  of  the 
pituitary  gland,  allowing  the  blood-supply  of  this  gland  to  remain  intact. 
The  contrast  between  the  two  methods  may  be  seen  by  reference  to 
figs.  9  and  10,  which  show  photographs  of  a  brain-stem  operated  on  by 
the  later  method  and  comparing  with  them  fig.  22,  which  illustrates  the 
brain-stem  left  by  the  older  technique.  As  in  the  earlier  experiments 
the  stalk  of  the  gland  was  cut  across,  the  blood-vessels  supplying  the 
anterior  lobe  must  have  been  divided,  and  the  gland  itself  may  easily 
have  been  damaged  and  perhaps  subjected  to  some  pressure.  In  spite 
of  this  several  animals  survived  for  periods  of  two  or  three  weeks,  but 
as  a  rule  they  would  not  live  more  than  three  or  four  days.  In  these 
death  was  preceded  usually  by  convulsive  movements  without  signs  of 
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infection,  or  else  was  due  to  broncho-pneumonia.  The  convulsions 
occurring  within  three  or  four  days  were  apparently  similar  to  those  des- 
cribed by  Cushing  [1'2]  [13]  as  the  result  of  removal  of  the  pituitary, 
and  consequently  the  modified  operative  technique  was  developed. 
This  necessitates  a  more  ragged  incision  with  greater  haemorrhage,  so 
that  temporary  control  of  the  carotid  arteries  had  to  be  also  adopted. 
Following  this  change  in  the  technique  death  on  the  third  or  fourth 
day  preceded  by  convulsions  has  no  longer  been  seen,  and  the  animal's 
resistance  to  broncho-pneumonia  has  also  seemed  greater,  but  on  the 
other  hand,  many  more  animals  have  been  lost  during  the  first  day 
from  reactionary  haemorrhage,  and  infection  of  the  wound  itself  has 
also  been  more  common. 

The  later  technique  has  also  given  rise  to  some  trouble,  since  the 
changed  slope  of  the  section  has  often  been  overdone,  resulting  in 
damage  to  the  fifth  nerve.  Such  damage  must  be  avoided  since  it 
leads  to  the  development  of  ophthalmia  and  pressure  sores  around 
the  mouth,  complicating  the  nursing  and  greatly  increasing  the  risk  of 
broncho-pneumonia. 

(6)  Post-operative. 

The  wound  requires  no  covering,  especially  if  it  he  stitched  with 
waxed  silk  to  prevent  infection  tracking  inwards  along  the  sutures, 
which  may  otherwise  occur  if  the  animal  be  kept  in  a  bath.  The 
wound  may  be  left  dry  or  covered  with  mercury  ointment. 

The  main  difficulty  to  be  overcome  is  the  maintenance  of  a  constant 
temperature.  For  the  most  part  the  animals  have  been  kept  in  a  water 
bath,  through  which  water  was  kept  circulating  and  in  which  they 
were  supported  on  a  sling  three-quarters  immersed  in  the  water. 
Stirrers  maintained  a  constant  mixing  of  the  water,  and  a  toluol 
regulator  maintained  the  bath  with  a  variation  of  only  0-2  to  04  C. 
in  twenty-four  hours  at  its  best.  Unfortunately,  it  often  fell  below 
this  standard,  as  owing  to  post-war  conditions  the  gas  pressure  some- 
times fell  so  low  as  to  be  incapable  of  heating  the  large  volume  of 
water  circulating  through  the  bath. 

In  a  bath  the  preparation  readily  gains  heat  from  or  loses  heat  to 
the  circulating  water,  so  that  its  rectal  temperature  rarely  differs  from 
that  of  the  bath  by  more  than  1°  C.  and  practically  never  by  more  than 
1'5^  C.  The  bath  has  been  usually  kept  at  a  temperature  between 
38^  and  39o''  C.  This  method  is  possibly  the  simplest  that  will  allow 
the  maintenance  of  a  constant  body  temperature  in  a  preparation  where 
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the  metabolism  shows  rapid  variations,  as  it  must  in  any  which  happen 
to  show  strong  running  reflexes.  No  ill  effects  from  the  prolonged 
immersion  in  water  have  been  seen,  even  after  two  or  three  weeks, 
except  a  gradual  shedding  of  the  hair. 

The  disadvantages  of  the  bath  method  are  obvious,  and  it  is  this 
method  that  is  mainly  responsible  for  the  paucity  of  our  observations 
on  the  reflexes.  Rough  examination  of  the  animal  is  possible  as  it  is 
turned  each  day  in  the  bath  to  avoid  pressure  sores,  but  in  order  to 
make  any  careful  examination,  it  has  to  be  taken  out,  washed  in  hot 
water,  washed  again  with  alcohol,  roughly  dried  with  a  towel  and 
finally  dried  in  a  hot  incubator.  Even  with  this  technique,  which 
requires  four  or  five  hours,  the  body  temperature  is  apt  to  drop  to 
35°  C.  or  lower,  and  though  no  ill  results  are  noticed  at  the  time, 
pneumonia  often  supervenes.  Consequently  any  such  examination  will 
greatly  decrease  the  preparation's  chance  of  survival. 

Owing  to  this  many  attempts  have  been  made  to  keep  them  in  an 
incubator.  An  ordinary  incubator  is  useless,  since  the  heat  loss  varies 
with  the  moisture  in  the  air.  Haldane  [18]  has  shown  the  impor- 
tance of  the  wet  bulb  temperature,  but  even  an  incubator  controlled  on 
a  wet  bulb  basis  is  insufficient.  The  reason  for  this  is  that  a  very 
exact  balance  between  heat  loss  and  heat  production  has  to  be  attained 
in  these  animals,  and  once  this  balance  is  upset  the  discrepancy  tends 
to  grow,  since  it  is  probable  that  in  these  preparations  the  metabolism 
falls  with  fall  of  body  temperature  instead  of  showing  a  compensatory 
increase.  An  incubator  method  has,  however,  proved  possible  by  using 
an  incubator  heated  by  live  steam  escaping  within  it,  so  that  heating 
occurs  through  condensation  on  its  walls.  In  this  way  the  wet  and 
dry  bulb  temperatures  are  identical,  the  air  being  completely  saturated 
with  moisture.  Even  in  such  an  incubator  the  control  has  to  be 
altered  during  the  first  few  days  to  match  the  gradual  loss  of  the 
insulating  action  of  the  fur  as  it  becomes  penetrated  with  moisture,  or 
this  variation  must  be  overcome  by  destroying  these  heat  insulating 
properties  of  the  fur  by  soaking  the  animal  immediately  after  operation 
in  petroleum  oil.  Under  these  conditions  the  animal  loses  heat  mainly 
by  radiation  and  conduction  and  usually  keeps  a  rectal  temperature 
about  4°  C.  above  that  of  the  incubator,  so  that  this  should  be  kept  at 
about  34°  or  35^  C.  The  proper  mixing  of  the  air  is  ensured  by  an 
electrically  driven  fan.  Further  details  of  incubator  experiments  are 
given  in  Chapter  III. 

Food  is  given  twice  a  day  by  stomach  tube,  a  full-size  cat  requiring 
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about  100  c.c.  of  milk  at  each  feed.  Great  care  must  be  taken  to  keep 
the  mouth,  eyes  and  nose  clean,  and  the  animal  must  be  placed  in  a 
position  which  would  be  comfortable  if  it  were  conscious. 

The  chief  causes  of  failure  are  infection,  usually  respiratory,  less 
commonly  infection  of  the  wound,  post-operative  haemorrhage,  and  in 
the  earlier  technique  probably  also  pituitary  insufficiency.  No 
testicular  atrophy  nor  adiposity  has,  however,  been  observed.  One 
animal  (previously  reported)  lost  10  per  cent,  of  its  weight  in  a  week, 
but  another  (cat  II)  after  twelve  days  "  life "  showed  no  change 
whatever  in  its  body  weight.  Further  experiments  on  the  functioning 
of  the  pituitary  in  these  animals  are  planned. 

The  prevalence  of  pneumonia  in  these  preparations  is  of  some 
interest  in  that  it  was  commoner  if  the  animals  had  been  previously 
exposed  to  conditions  giving  them  a  low  body  temperature,  even  if  this 
occurred  a  considerable  time  after  their  anaesthetization.  An  instance 
of  this  is  seen  in  the  case  of  cat  II,  which  is  described  later. 

Chapter  III. — Chronic  Decerebrate  Preparations. 
(a)  Details  of  Two  Preparations. 

The  characters  shown  by  these  animals  can  be  best  illustrated  by 
recording  a  few  examples  in  more  or  less  detail  and  then  giving  a  more 
general  description.  The  question  of  the  individual  peculiarities  in 
relation  to  the  exact  site  of  the  section  is  a  difficult  one  and  will  be 
considered  later. 

Animal  1. — Young  castrated  male.  Post-mortem  examination,  p.  239.  0'5 
mgm.  atropine  subcutaneously  after  anaesthesia  induced.  Eight  carotid  tied,  left 
occluded  temporarily.  Trouble  from  haemorrhage  which  was  eventually  stopped 
after  using  a  cautery  and  leaving  in  muscle  and  cotton-wool  plugs.  Some  cotton 
left  in  under  wax.  Section  by  the  later  technique  with  preservation  of  the 
vascular  supply  to  the  pituitary.  Kept  on  a  warm  table  for  three  hours  it 
developed  a  hsematoma  from  reactionary  haemorrhage  during  this  time.  Five 
hours  after  operation  when  in  bath  had  moderate  rigidity^  and  moderately  brisk 
pinna  reflexes.     Bath  temperature  39'4°  C.     Eectal  temperature  39'8°  C. 

Second  day.  Conditions  much  the  same.  Good  corneal  reflex  on  left  side 
but  none  on  right. 

Third  day.     Condition  much  the  same.     Eespiration  rate  only  17. 

Fourth  day.     All  reflexes  more  sluggish.     Eigidity  still  fair. 

Fifth    day.     Eeflexes    as    before.     Eigidity   stronger    and    fore   paws  kept 

I  Rigidity  refers  to  the  extensor  rigidity  of  the  limbs  described  in  decerebrate  preparations 
by  Sherrington  unless  otherwise  stated. 


THE  DECEREBRATE  ANIMAL  IN  THE  CHRONIC  AND  ACUTE  CONDITION       195 

extended  and  held  rather  backwards  towards  the  tail.  When  turned  on  mattress 
slight  kicking  and  extrusion  of  claws.  Bath  temperature  39'2^  C.  Eectal 
temperature  37'8°  C. 

Seventh  day.  All  reflexes  more  brisk.  Eigidity  fairly  good.  Respiration 
rate  19.     Sores  developing  in  mouth. 

Ninth  day.  Pinna  reflexes  more  brisk.  Vigorous  shaking  of  the  head  now 
present  on  blowing  in  the  ear.  Licking  of  lips  and  nose  now  present  after 
feeding.  Eigidity  very  variable,  being  either  very  good  or  else  animal  in  flexed 
and  fairly  flaccid  condition. 

Eleventh  day.  Eeflexes  still  improving.  Eigidity  almost  absent  in  the 
morning  but  on  turning  the  animal  it  became  extremely  marked.  The  limbs 
are  moved  somewhat  if  the  pinna  is  twisted.  If  traction  is  exerted  on  the  front 
paws  there  is  a  movement  of  retraction  and  flexion  of  the  limb  with  extrusion 
of  the  claws. 

Thirteenth  day.  Ophthalmia  of  the  right  eye  now  well  advanced.  Eupture 
of  cornea.  Condition  as  before,  but  when  lying  on  left  side  has  a  position  in 
which  the  fore  limbs  are  rigid  and  extended  (left  more  than  right)  and  in  which 
the  left  hind  limb  was  also  rigid  and  extended,  but  the  right  hind  limb  was  rigid 
in  a  flexed  position.  Hind  limbs  now  show  retraction  when  pulled  upon  as  well 
as  the  fore  limbs,  but  there  is  no  extrusion  of  claws  in  the  hind  limbs.  If 
animal  is  stimulated  by  twisting  the  ear  the  head  is  raised,  being  bent  either 
to  the  left  or  right  according  to  which  side  it  is  lying  on.  No  acoustic  reflex 
present  now  or  at  any  other  time. 

On  fourteenth  day  as  before.  Crossed  reflexes  easily  obtained  in  hind  limbs. 
If  right  limb  is  forcibly  flexed  it  stays  flexed  and  then  on  pinching  left  limb  the 
left  is  flexed  and  right  extended  and  vice  versa.  On  cleaning  the  left  eye  the 
animal  moves  its  head,  extending  it  dorsally  as  though  objecting.  General 
appearance  of  movement  is  that  of  a  pseudaft'ective  reflex. 

Fifteenth  day.     Eespiration  rate  12  only. 

Seventeenth  day.  Eespiration  rate  16.  Eeflexes  much  as  before  but  very 
variable. 

Eighteenth  day.     Found  dead. 

Animal  II. — Female.  Post-mortem  examination,  p.  247.  Weight,  2"45  kilos. 
Old  metliod  used  and  the  cranial  cavity  scraped  clean  to  the  tentorium.  Ke])t 
in  incubator  for  one  hour  and  then  put  into  bath.  Eight  hours  later  fed,  100  c.c. 
of  milk.  Eigidity  then  good  and  pinna  reflexes  and  corneal  reflexes  brisk.  On 
following  day  these  I'eflexes  still  brisk,  respiration  rate  20,  bath  temperature 
392°  C,  rectal  temperature  381"  C. 

After  two  days  reflexes  more  brisk.  Acoustic  reflex  now  present ;  animal 
shakes  its  head  slightly  in  response  to  loud  noises. 

Fourth  day.     Eeflexes  not  quite  so  brisk  ;  rigidity  still  good. 

Fifth  day.     Vomited  after  the  morning  feed. 

Sixth  day.  Eeflexes  much  more  brisk  and  rigidity  very  good.  When  lying 
on  right  side  moves  head  slightly  when  hands  are  clapped  ;   with  high  note  of 
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a  whistle  lifts  head  up  from  the  rest,  bending  it  to  the  left.  When  lying  on  left 
side  acoustic  reflex  scarcely  noticeable,  since  the  head  is  pressed  downwards 
to  the  left. 

Seventli  day.  Reflexes  much  more  brisk,  especially  acoustic.  If  lying  on 
right  side  now  lifts  head  well  up  when  anyone  walks  into  the  room,  unless  on 
tiptoe.  Very  brisk  response  to  slight  scratching  noises.  Pushes  head  down- 
wards us  before  in  response  to  sounds  if  lying  on  the  other  side. 

Eighth  day.  Bath  outlet  choked.  Animal  taken  out  and  dried  during 
cleaning  of  the  bath.  During  the  drying,  temperature  fell  to  about  34°  C.  and 
remained  subnormal  about  two  hours.  Weight  when  dry  24  kilos.  Rigidity 
fairly  good  liut  not  so  strong  as  previously,  and  animal  does  not  remain  well 
in  a  sitting  position  as  do  most  preparations.  Acoustic  reflex  confined  to 
head  and  neck  movements.  On  touching  the  animal  running  movements  are 
developed  with  strong  movements  of  the  front  limbs  and  only  slight  in  the  hind 
limbs.     Returned  to  the  bath  after  eight  hours. 

Ninth  day.  Keeps  eyes  open,  though  previously  they  have  been  kept  shut. 
On  wliichever  side  it  is  lying  the  upper  fore  limb  is  held  passing  forwards  and 
downwards  across  the  other,  the  lower  fore  limb  passing  somewhat  backwards 
and  upwards.  Tliis  position  is  a  very  characteristic  one  and  is  seen  in  a  large 
percentage  of  the  preparations. 

Eleventh  day.  When  lying  on  left  side  responded  to  stimulations  such  as 
twisting  of  the  ear,  by  kicking  and  some  slight  movement  of  the  head. 
Rigidity  intermittent  and  less  marked  than  before. 

Twelfth  day.  When  being  turned  on  the  mattress  kicks  vigorously. 
Taken  out  of  the  bath  in  the  evening  and  dried  preparatory  to  Physiological 
Society  meeting  at  Oxford.  During  drying  temperature  fell  to  36"  C.  and 
remained  subnormal  for  several  hours. 

Thirteenth  day.  Weight  when  dry  2'4o  kilos.  Respiration  rate  24. 
Reflexes  very  brisk  as  before  and  kicking  movements  when  the  animal  is 
stimulated.  During  most  of  the  time  the  animal  did  not  have  a  typical 
extensor  position  but  remained  moderately  rigid  in  a  semi-flexed  posture  and 
with  a  rigid  flexion  of  the  ankle-joints  of  the  fore  limbs.  Temperature  fell 
again  to  36''  C.  during  the  afternoon  when  exhibited  at  the  Physiological  Society. 
Replaced  in  bath  in  the  evening.  Animal  had  sores  from  friction  under 
armpits  and  during  replacing  in  the  bath  made  inco-ordinated  attempts  to 
reach  the  sores  with  its  head  and  hind  limbs. 

Fourteenth  day.     Respiration  faster.     Animal  kicking  a  lot  when  touched. 

Fifteenth  day.     Respiration  66.     Reflexes  very  poor. 

Sixteenth  day.     Respiration  44.     Reflexes  slightly  better. 

Seventeenth  day.  Respiration  32.  Reflexes  good,  except  for  acoustic, 
which  has  been  absent  since  the  fourteenth  day. 

Twentieth  day.  Respiration  24.  Acoustic  reflex  present  again  for  the 
first  time  since  pneumonia  began.  Fore  limbs  rigid,  extended  and  without 
movements.  Hind  limbs  have  a  curious  slight  walking  movement  even  when 
animal  is  not  touched. 
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Twenty-first  day.  Kicking  movements  when  stimulated.  Made  occasion- 
ally a  curious  sound  like  an  inco-ordinated  mew. 

Twentj'-second  day.  Eespiration  22.  Pinna  and  corneal  reflexes  very 
brisk.  Acoustic  reflex  good.  Touching  the  face  produces  twitching  of  facial 
muscles,  and  even  a  slight  movement  of  air  across  the  face  produces  the 
twitching  of  muscles  and  shaking  of  the  head.  If  animal  is  stimulated  by 
twisting  the  ear  curious  walking  movements  occur,  most  marked  in  hind  limbs, 
and  sometimes  accompanied  by  a  curious  crying  sound. 

Twenty-third  day.  Had  caught  fore-paw  in  thermo-regulator  and  had 
broken  it.  Animal  found  dead  and  temperature  of  bath  4:1^  C.  Death  no 
doubt  due  to  hyperpyrexia. 

These  two  examples  give  a  fairly  good  general  impression  of  the  results 
usually  obtained,  though  there  can  be  no  doubt  that  the  first  of  these 
showed  some  symptoms  of  raised  intracranial  pressure  secondary'  to 
haemorrhage  and  infection  throughout  its  time  of  survival ;  it  is 
probable  that  raised  intracranial  pressure  caused  absence  of  function  of 
nervous  centres  close  to  the  section,  thus  accounting  for  the  sluggish 
reflexes  and  the  relative  simplicity  of  the  reactions  in  the  late  stages 
compared  with  those  shown  by  many  animals. 

(6)  Posture. 

The  decerebrate  rigidity  remains  as  a  general  rule  during  the  whole 
time  the  preparation  survives,  but  after  the  first  four  or  five  days  this 
position  is  less  constant,  and  may  alternate  with  others  in  which  flexion, 
either  flaccid  or  rigid,  is  conspicuous.  At  this  later  stage  the  variability 
of  the  positions  assumed  is  noticeable,  and  it  seems  probable  that  the 
temporary  disappearance  of  the  rigidity  is  due  to  the  assumption  of 
other  reflex  positions.  The  maintenance  of  good  rigidity  over  a  long 
period,  as  in  animal  I,  certainly  makes  it  possible  to  exclude  it  being 
due  to  stimulation  of  cut  nerve  fibres,  since  these  had  undergone 
degeneration  in  this  animal,  and  there  is,  therefore,  good  confirmation 
of  the  generally  accepted  view  of  the  reflex  origin  of  this  position. 

The  rigidity  shows  variations  according  to  the  position  of  the  animal, 
and  to  some  extent  these  variations  correspond  with  those  described  by 
Magnus  and  Kleijn  and  their  co-workers  [3],  [26],  [27],  [28],  [36], 
[37],  [38],  [39],  [40],  [61],  but  in  the  few  animals  that  we  have 
examined  carefully  we  have  been  unable  to  get  such  consistent  results 
as  these  authors  have  described.  As  in  our  animals  the  spinal  cord  has 
not  been  divided,  the  rigidity  of  the  fore  limbs  is  influenced  by  the 
position  of  the  hind  limbs,  so  that  less  constancy  must  be  expected.     In 
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general  with  the  animal  lying  on  one  side  all  four  limbs  are  held 
rigidly  extended,  but  both  the  upper  fore  and  hind  limbs  are  relatively 
flaccid  when  compared  with  the  lower.  This  difference  is  still  observed 
if  the  animal  is  suspended  in  the  air  by  holding  it  up  by  its  skin  while 
maintaining  it  in  a  similar  position,  but  the  difference  in  rigidity  is  less 
noticeable  than  it  is  when  the  animal  is  also  receiving  pressure  stimuli 
by  resting  on  the  table.  This  contrast  between  the  upper  limbs  and 
those  resting  on  the  table  was  very  constant  and  was  noticed  in  a  large 
percentage  of  the  animals,  but  even  in  this  respect  preparations  are 
found  in  which  this  difference  is  scarcely  noticeable,  or  in  which  the 
rigidity  is  asymmetrical  so  that  the  contrast  cannot  be  observed.  This 
asymmetry  is  especially  apt  to  occur  in  the  later  stages  when  a  position 
of  general  extension  of  the  limbs  is  much  less  constant. 

During  the  first  few  days  the  position  usually  assumed  by  a 
preparation  lying  on  its  side  is  that  described  already  in  the  case  of 
animal  II  on  the  ninth  day,  the  position  of  the  hind  limbs  being 
variable,  though  most  commonly  the  upper  hind  limb  was  also  held 
rather  forwards  and  the  lower  farther  back.  On  turning  the  animal 
over  the  limbs  move,  so  that  the  same  posture  is  assumed  in  the  new 
position.  This  again  is  not  regular ;  thus,  for  instance,  in  one  of  the 
earliest  of  these  experiments,  an  animal  (decerebrated  June,  1914) 
maintamed  this  posture  constantly  on  whichever  side  it  was  lying, 
except  on  the  second  and  seventh  (the  last)  days,  when  the  relative 
position  of  the  limbs  was  the  reverse  of  this,  the  lower  fore  limb  being 
held  forwards  and  the  upper  fore  limb  backwards.  That  this  was 
a  definite  posture  was  demonstrated  on  turning  the  animal ;  then  the 
limbs  were  moved  so  that  this  atypical  posture  was  adopted  also  when 
lying  on  the  other  side.  Such  an  atypical  posture  has  sometimes  been 
maintained  by  other  preparations  and  has  then  been  the  usual  position 
for  that  animal. 

Bigid  flexed  positions  may  be  assumed  in  an  acute  preparation,  but 
under  these  conditions  it  is  rare,  and  we  have  never  been  able  to 
produce  them,  except  accidentally;  in  the  chronic  preparations  they 
are  a  comparatively  common  occurrence,  and  indeed  some  degree  of 
flexion  is  usually  found  in  one  or  more  of  the  limbs  after  the  first  five 
to  ten  days,  and,  though  it  may  alternate  with  extension,  yet  flexion 
may  sometimes  be  the  more  constantly  maintained  posture.  The  most 
common  of  these  flexed  positions  is  a  rigid  semi-flexion  of  the  fore 
limbs,  or  of  one  fore  limb,  with  an  acute  rigid  flexion  of  the  ankle  joints 
and  extrusion  of  the  claws  of  the  fore  limbs.     The  position  is  then  one 
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similar  to  that  assumed  by  a  cat  when  holding  a  mouse  in  its  claws  or 
when  climbing  up  a  pole.  An  example  of  this  will  be  seen  in  the  case 
of  animal  VIII,  of  which  a  detailed  description  will  be  given  later.  A 
few  other  instances  may  be  brought  forward. 

Animal  III. —  Lai'ge  male.  After  operation  had  rigidity  of  average  intensity 
present  in  all  four  limbs  ;  the  rigidity  was  fairly  symmetrical,  though  the 
head  was  held  turned  to  the  left.  On  the  third  day  this  rigidity  became  less 
noticeable  and  when  turned  the  animal  tended  to  curl  up  and  flex  the  fore 
limbs.  On  the  fourth  day  after  turning,  the  previous  degree  of  rigidity  had 
returned,  and  was  maintained  on  the  fifth  day.  On  the  sixth  day  there  was  a 
rigid  flexion  of  the  ankle  joint  of  the  upper  fore  limb,  on  whichever  side  it  was 
lying,  with  extrusion  of  the  claws  of  this  hmb.  On  inti'oducing  a  thermometer 
into  the  rectum  both  fore  limbs  were  flexed  with  acute  flexion  of  both  ankle 
joints  and  extrusion  of  the  claws,  while  several  extensor  thrusts  were  made 
with  the  hind  limbs.  In  this  animal  the  section  passed  through  the  anterior 
end  of  the  right  su])erior  colliculus  and  through  the  middle  of  the  left  superior 
colliculus,  to  emerge  ventrally  3  mm.  in  front  of  the  pons  at  the  level  of  the 
stalk  of  the  pituitary,  but  no  microscopical  examination  was  made.  This 
animal  also  gave  pseudaffective  reflexes  and  will  be  referred  to  again  later  in 
this  connection  ;  the  decerebration  was  by  the  older  method  in  which  all  the 
brain  above  the  section  was  removed  so  that  there  was  no  possibility  of  any 
connection  with  higher  centres. 

Animal  IV. — Adult  female.  Post-mortem,  see  p.  250.  Decerebrated  by 
the  later  method,  the  rigidity  was  only  moderate  on  the  first  day,  but  increased 
on  the  second,  though  still  below'  the  average ;  on  the  third  day  the  animal 
kicked  a  good  deal  during  turning,  and  then  assumed  a  position  of  rigid  flexion 
of  the  back  and  hind  limbs  with  some  flexion  of  fore  limbs.  On  the  fourth 
day  there  was  an  average  rigidity  in  an  extensor  position,  but  flexion  postures 
were  assumed  temporarily,  during  turning,  &c.,  but  were  maintained  only 
a  few  minutes,  then  gradually  changing  to  an  extensor  posture.  On  the  sixth 
day  the  animal  was  taken  out  and  dried  for  examination  in  greater  detail.  On 
taking  it  out  of  the  bath  it  went  into  a  position  of  extreme  extensor  rigidity 
with  retraction  of  the  head.  During  drying  with  a  towel  it  made  many  move- 
ments, kicking,  withdrawing  a  limb  that  was  being  dried  and  shaking  it, 
especially  the  left  hind  limb.  It  also  made  some  progression  movements. 
In  between  these  movements  positions  either  of  rigid  flexion  or  of  rigid 
extension  were  assumed. 

In  the  rigid  flexed  position  tlie  ankle  joints  of  the  fore  limbs  were  acutely 
flexed  and  the  claws  extended.  Unfortunately  this  animal  vomited  and  choked 
during  drying,  so  that  no  further  examination  was  possible. 

A  position  of  flaccid  flexion  was  also  not  uncommon  in  the  later 
stages.     An  instance  of  this  is  described  below. 
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Animal  \  .-  liali-.L;io\Yn  male.  Post-inortoui,  see  p.  250.  Decerebrated 
by  tlie  later  luethotl.  Three  hours  after  operation  showed  little  rigidity  but 
made  walking  movements  most  of  the  time.  For  the  first  nine  hours  the 
animal  was  kept  in  an  incubator  but  developed  little  rigidity  ;  it  was  then  put 
into  a  hath  and  on  the  next  day  the  limbs  had  good  extensor  tone.  On  the 
third  day  there  was  little  or  no  rigidity.  On  the  fourth  day  rigidity  was 
absent  in  the  morning,  the  limbs  being  quite  flaccid,  but  quite  good  rigidity 
developed  on  turning  it  to  the  other  side.  On  the  fifth  day  the  rigidity  was 
moderate  and  on  the  sixth  it  had  again  disappeared,  though  the  pinna  and 
other  reflexes  were  good.  The  animal  was  then  dried.  On  washing  in  alcohol 
and  drying  with  a  towel  there  were  good  movements  of  retraction  with  a 
shake  of  the  paw  of  the  limb  being  dried,  especially  in  the  fore  limbs,  and  good 
extensor  rigidity  returned  temporarily.  When  dry  the  animal  appeared 
completely  flaccid,  with  good  pinna  reflexes,  shaking  of  the  head  on  blowing  in 
the  ear,  and  retraction  and  shake  of  each  limb  on  pincliing.  It  was  then 
given  to  Professor  Sherrington  for  use  in  his  experiments.  As  soon  as  dissec- 
tion was  started,  kicking  movements  of  all  four  limbs  with  movements  of  the 
head  and  neck  were  made,  the  animal  micturated  and  then  the  preparation 
went  into  a  posture  of  extreme  extensor  rigidity  with  considerable  retraction  of 
the  head  which  it  then  maintained.  Following  this  the  extension  became 
gradually  less  intense,  though  never  disappearing  entirely  within  at  any 
rate  twenty  minutes,  and  was  renewed  in  full  intensity  as  soon  as  the 
preparation  received  further  stimulation. 

Other  preparations  were  sometimes  flexed  and  perhaps  flaccid  as 
they  lay  in  the  bath,  but  went  into  extensor  rigidity  immediately  any 
examination  was  attempted.  In  one  or  two  cases  this  passage  from  a 
flexed  to  an  extended  posture  seemed  to  be  induced  by  mere  auditory 
stimuli,  but  no  instance  of  this  was  seen  in  which  the  evidence  was 
absolutely  conclusive,  owing  to  the  difficulty  of  observing  the  animals 
while  in  a  bath.  It  is  conceivable  that  the  flaccid  flexion  is  a  posture 
which  has  some  relationship  to  the  sleeping  of  a  normal  animal,  but  no 
proof  of  this  is  available. 

Of  the  animals  so  far  described  two  (animals  II  and  III)  have  been 
distinguished  by  a  tendency  to  turn  their  head  to  the  left.  This  was  a 
common  occurrence,  being  noticed  in  fourteen  animals  as  compared 
with  nine  that  turned  their  heads  to  the  right.  This  may  have  been 
due  to  the  fact  that  the  trephine  opening  was  made  on  the  left  side 
and  in  consequence  the  section  was  generally  a  little  oblique,  and 
nearly  alw'ays  with  the  tendency  to  the  removal  of  more  on  the  left 
side.  In  thirteen  of  the  above  fourteen  cases  with  head  held  to  the 
left  more  brain  matter  was  removed  on  the  left  side  than  on  the  right. 
On  the  other  hand,  of  the  nine  preparations  (see  cats  VI,  VIII,  XV, 
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XXII,  XXIV),  in  which  the  head  was  held  turned  to  the  right,  in  four 
the  section  appeared  to  be  evenly  transverse,  in  four  the  section  had 
the  usual  obliquity  (more  being  removed  on  the  left),  but  the  turning 
of  the  head  to  the  right  was  observed  in  spite  of  this ;  the  level  of 
the  section  was  not  determined  in  the  ninth.  The  relationship  is 
evidently  complex,  since  the  section  had  the  usual  obliquity  in  other 
cases  without  there  being  any  asymmetry  in  the  head  position ; 
undoubtedly  during  the  first  few  hours  stimulation  may  play  a  part. 

In  the  one  animal  with  more  brain-stem  removed  on  the  right, 
which  turned  its  head  to  the  left,  the  position  assumed  may  well  have 
been  due  to  stimulation,  since  it  occurred  during  the  first  day,  after 
which  the  animal  died.  Stimulation  immediately  after  operation  would 
also  account  for  three  out  of  the  four  cases  in  which  turning  the  head  to 
the  right  was  noticed,  although  the  section  had  removed  more  brain  on 
the  left  side,  since  in  these  again  the  turning  of  the  head  was  only 
noticed  during  the  first  day.  In  the  animals  with  an  apparently 
square  section,  in  which  the  head  was  turned  to  the  right,  this 
posture  was  not  marked  except  in  one  case.  In  all  cases  where  there 
was  an  asymmetrical  head  position  the  level  of  the  section  was  rela- 
tively anterior,  and  some  few  cells  of  the  red  nucleus  were  probably 
left  intact  and  may  have  been  functioning  on  one  side  at  least.  In 
fact,  this  whole  turning  of  the  head  to  the  side  most  damaged  might 
be  explained  if  the  tone  of  the  muscles  of  the  neck  was  increased  by 
a  crossed  connection  with  a  centre  lying  at  about  the  level  of  the 
section,  and  it  is  possible  that  the  lowermost  cells  of  the  red  nucleus 
may  function  in  this  way. 

Of  the  thirteen  animals  showing  a  persistent  turning  of  the  head  to 
the  left,  one  (XXVI)  has  been  shown  histologically  to  have  had  more  of 
the  red  nucleus  remaining  on  the  right  side  than  on  the  left,  and  in  all 
the  others  the  section  was  sufficiently  high  for  a  part  of  the  red  nucleus 
to  remain,  with  the  possible  exception  of  two.  The  most  difficult  case  to 
explain  is  that  of  animal  VI  (for  post-mortem  see  p.  249)  in  which  histo- 
logical examination  showed  an  almost  complete  destruction  of  the  left 
red  nucleus,  the  right  red  nucleus  being  partly  present  though  showing 
some  chromatolysis.  Yet  this  animal  gave  auditory  reflexes  with 
movement  of  the  head  to  the  right  during  the  two  days  it  survived. 
Unless  the  haemorrhage  had  interfered  with  the  tract  from  the  right 
red  nucleus,  the  above  hypothesis  would  seem  untenable,  and  it  cannot 
be    regarded    as   established    at    present ;    further  the    posture  is   not 
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easily  correlated  with  results  of  stimulation  of  the  mid-brain  reported 
by  Graham  Brown  [8]. 

Many  of  the  animals  had  suthcient  rigidity  to  stand  if  propped 
into  position,  as  described  by  Sherrington  in  the  acute  preparation, 
and  most  of  them  were  able  to  maintain  a  very  natural  sitting  posture. 
This  consisted  in  making  the  animal  lie  on  one  side  and  propping  up 
the  body  on  the  two  elbows,  so  that  the  head  was  held  in  an  erect 
position.  Many  could  sit  in  this  position  on  either  side  and  maintain 
it  for  a  considerable  time,  though  usually  after  about  five  minutes  the 
head  would  gradually  drop,  being  allowed  to  fall  sideways,  and  the  pre- 
paration would  lie  down,  the  head  in  this  procedure  being  carefully 
lowered  so  that  no  sudden  impact  with  the  table  occurred.  Similarly, 
the  head  was  gently  lowered  if  the  animal  was  pushed  over  out  of  its 
sitting  position.  If  the  animal  spontaneously  held  its  head  to  one  side, 
it  was  often  only  possible  for  it  to  balance  itself  in  this  sitting  posture 
when  lying  on  the  flank  opposite  to  the  side  to  which  the  head  was 
turned.  All  the  postures  assumed  are  more  or  less  comparable  with 
some  seen  in  normal  cats,  the  flexed  positions  that  are  often  assumed 
in  the  later  stages  resembling  those  of  cats  curled  up  asleep. 

(c)   Magnus  Be  flexes. 

These  have  been  carefully  investigated  in  two  animals  only  owing 
to  the  difficulties  with  animals  kept  in  a  bath,  though  a  few  data 
resembling  his  results  have  been  obtained  on  one  or  two  other  animals, 

Animal  VII. — Male,  three-quarters  grown.  Post-mortem,  see  p.  251.  De- 
cerebrated by  the  later  method.  On  examination  twenty-seven  hours  after 
operation  the  animal  could  sit  on  either  side  and  had  good  rigidity  of  all  four 
limbs  when  standing,  sitting,  or  ! lying  on  its  right  side.  The  rigidity  of  the 
fore  Umbs  was  less  than  that  of  the  hind  and  was  almost  completely  absent 
when  the  animal  lay  on  its  left  side.  In  the  standing  position  little  change  in 
rigidity  was  noticed  as  the  result  of  raising  or  lowering  head,  and  when  lying 
on  its  back  there  was  scarcely  any  rigidity  in  the  fore  limbs  in  any  position  of 
the  head.  When  lying  on  right  side  bending  the  head  down  to  the  right 
increased  the  tone  in  the  two  hind  limbs,  and  rotation  of  the  head  (jaw  up- 
wai'ds)  caused  increased  tone  in  the  left  fore  and  hind  limbs  and  a  slight 
decrease  in  the  right  hind  limb,  with  no  perceptible  change  in  the  right  fore  ;  the 
opposite  changes  occurred  on  turning  or  rotating  the  head  in  the  opposite 
direction.  Lying  on  the  left  side  bending  the  head  up  to  the  right  increased  the 
tone  in  the  right  hind,  but  no  other  change  was  distinguishable,  and  rotation 
(jaw  upwards)  also  increased  the  tone  in  the  right  hind,  slightly  increased 
that  in  the  right  fore,  and  slightly  decreased  that  in  the  left  hind;  the  opposite 
effects  were  obtained  by  the  reverse  movements. 
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Animal  VIII. — Female.  Post-mortem  examination,  see  p.  252,  and  for  more 
detailed  description  of  the  animal  see  p.  208.  Decerebrated  by  the  later  method. 
Examined  on  the  seventh  day.  When  lying  on  its  back  retlexes  orthodox, 
showing  flexion  of  the  fore-limbs  when  the  head  was  bent  right  forward, 
maximum  rigidity  with  head  in  —45  or  +30"  position,  this  decreasing  a  little 
as  the  head  was  moved  to  0'.  This  animiil  had  little  rigidity  in  the  standing 
position  and  could  not  be  made  to  stand.  Placed  on  one  side  it  assumed 
always  a  definite  posture  on  whichever  side  it  was  lying ;  in  this  the  lower  fore 
was  completely  extended,  the  lower  hind  three-quarters  extended,  the  upper 
hind  semi-flexed  and  the  upper  fore  was  flexed  and  carried  forward  over  the 
other,  and  the  position  of  all  the  limbs  was  a  rigid  one.  On  flexion  of  the 
terminal  joint  of  the  upper  fore  there  was  extrusion  of  the  claws.  ^Yhile  lying 
on  the  left  side  bending  head  to  the  right  caused  extension  of  all  limbs  except 
that  no  change  was  noticed  in  the  right  fore  ;  when  on  the  right  side  there 
was  extension  of  both  fore-limbs  and  slight  flexion  of  both  hind  on  bending  the 
head  to  the  left.  Lying  on  the  left  side,  rotation  of  the  jaw  upwards  caused 
extension  of  both  hind-limbs  and  no  perceptible  change  in  the  fore-limbs  ;  on  the 
right  side  rotation  of  the  jaw  upwards  caused  flexion  of  left  hind  and  right 
fore,  and  extension  of  left  fore,  but  no  change  in  right  hind.  Movements  of 
the  head  in  the  opposite  directions  in  every  case  reversed  the  changes  in  the 
limbs,  with  the  exception  that  rotating  the  head  (jaw  downwards)  when  the 
animal  was  lying  on  its  right  side  not  only  reversed  the  changes  in  rigidity 
described  for  the  opposite  movement,  but  also  caused  a  movement  forward  of 
the  left  fore-limb.  In  this  cat  the  rigidity  was  slightly  asymmetrical,  since  the 
preparation  could  sit  on  either  side,  but  did  so  more  evenly  and  securely  if 
resting  on  its  left  flank,  and  it  showed  some  tendency  for  the  head  to  turn  to 
the  right.  Some  such  asymmetry  may  account  for  the  atypical  reactions  to 
these  tests.  The  preparation  died  soon  after  the  examination,  apparently 
owing  to  a  secondary  htemorrhage  at  the  base  of  the  brain. 

(d)   OpiatUotonos. 

This  is  not  uncommon  immediately  after  operation ;  in  these 
animals  the  respiration  rate  is  usually  slow  (though  sometimes  there 
is  a  fast  and  shallow  respiration),  and  the  condition  is  generally  accom- 
panied by  tonic  fits  in  which  the  rigidity  undergoes  extreme  accentua- 
tion. In  fact  this  head  position  was  never  seen  except  accompanying 
extreme  extensor  rigidity  and  merely  appeared  to  be  the  result  of  such 
extreme  rigidity.     A  few  instances  may  be  desciibed. 

Animal  IX. — Old  male.  Post-mortem,  see  p.  247.  Decerebrated  (earlier 
method)  3.30  to  4.30  p.m.  At  5.30  p.m.  put  into  bath.  Extreme  rigidity, 
especially  of  liind-limbs. 

Head  retraction  but  not  extreme.  On  second  day  reflexes  brisk.  Extreme 
rigidity   of   all    four    limbs.     Lifts  head    to    left  to   acoustic  stimuli,   but    no 
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opisthotonos  now  seen.  On  ninth  day  extensor  rigidity  still  fiood,  having 
remained  very  marked  since  operation,  hut  auditory  retlex  has  almost  disap- 
peared since  fifth  day.  Head  retraction  now  again  present.  The  rigidity  of 
the  hind-limbs  is,  however,^  definitely  less  than  before,  the  fore-limbs  are 
fairly  rigidly  extended  except  for  a  rigid  flexion  of  the  ankle  joint  with  exten- 
sion of  the  claws  like  that  described  in  cat  II.  In  the  evening  showed  marked 
rigidity  of  mastication  muscles  with  some  clonus  of  the  jaw  on  opening  the 
mouth.  Some  nystagmus  of  eyes  with  rapid  movement  to  the  right,  especially 
seen  in  the  right  eye.  On  the  eleventh  day  found  dead,  and  evidence  found  of 
old  haematoma  with  later  infection. 

Animal  X. — Decerebration  (earlier  method)  2.45  to  4.15  p.m.  Considerable 
haemorrhage.  At  9  p.m.  in  incubator,  rectal  temperature  41"2^,  respiration 
rate  24,  rather  irregular,  and  each  inspiration  accompanied  by  slight  spasm  of 
muscles  of  back.  Rigidity  intense  and  whenever  the  animal  is  touched  it 
goes  into  extreme  opisthotonos.  At  10.45  p.m.,  temperature  38"8",  respiration 
rate  still  24,  with  long  insjiiratory  pause  and  only  occasional  spasm  of  back 
muscles.  Attacks  of  opisthotonos  as  before.  This  opisthotonos  was  brought 
on  most  easily  by  touching  the  nose ;  it  could  ])e  made  to  relax  generally,  but 
not  always,  by  flexing  the  head,  and  would  itself  relax  spontaneously  to  some 
extent  after  a  time.  On  one  occasion  insertion  of  a  thermometer  into  the 
rectum  produced  a  strong  defaecation  reflex  with  immediate  I'elaxation  of  the 
intense  rigidity  and  disappearance  of  the  opisthotonos. 

On  the  following  morning  the  opisthotonos  had  disappeared,  breathing 
was  more  regular,  20  per  minute,  with  a  rectal  temperature  of  37 '8".  Eigidity 
marked  but  not  so  intense,  and  twitching  movements  of  all  four  paws  present, 
these  occurring  with  each  inspiratory  movement.  On  the  third  day  respiration 
normal,  muscle  spasms  no  longer  seen,  and  the  animal  made  an  inco-ordinated 
mew  twice  when  taken  out  of  the  incubator.  Animal  died  at  the  end  of  the 
day  and  post-mortem  showed  a  considerable  haematoma  at  the  base  of  tlie 
skull.     No  detailed  examination  of  the  level  of  the  section. 

Animal  XI. — Female,  half-grown  kitten.  Decerebration  (later  method) 
2.30  to  3.15  p.m.  Signs  of  reactionary  haemorrhage  immediately  after  opera- 
tion with  considerable  oozing  from  the  wound.  Attacks  of  marked  rigidity  and 
head  retraction.  Found  dead  next  morning.  On  autopsy  considerable  haema- 
tobaa ;  the  section  extended  from  in  front  of  superior  colliculi  to  about  0'5 
millimetres  behind  the  anterior  end  of  the  pons. 

It  will  be  clear  from  these  examples  that  this  condition  is  seen  in 
animals  with  evidence  of  post-operative  haemorrhage,  and  generally 
blood  is  also  found  below  the  tentorium.  Death  in  the  first  twenty- 
four  hours  is  common,  but  if  the  animal  survives  the  opisthotonos 
disappears,  and  does  not  reappear  again  except  in  the  case  of  an  infec- 
tion of  the  base  of  the  skull  such  as  was  the  case  in  animal  IX.  The 
exaggeration  of  the  position  as  the  result  of  some  sensory  stimuli,  and 
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its  inhibition  by  other  stimuli,  is  also  another  noticeable  feature.  In 
some  animals  auditory  stimuli  or  a  jar  such  as  that  from  shutting  the 
incubator  door  seems  to  have  been  sufficient  to  induce  a  head  retraction 
spasm. 

Head  retraction  of  less  intensity  may  occur  in  animals  with  a 
normal  degree  of  rigidity  if  this  be  exaggerated  tenjporarily  by  nervous 
stimuli  such  as  the  dissection  of  a  nerve.  An  example  of  this  was  seen 
in  animal  V,  which  has  already  been  described.  Keflex  factors,  as  well 
as  conditions  with  raised  intracranial  tension,  must  therefore  also 
play  an  important  part,  and  this  condition  is  merely  an  exaggerated 
extensor  rigidity. 

While  a  haematoma  and  usually  subtentorial  haemorrhage  have  been 
found  in  all  such  cases,  many  other  animals  may  show  quite  similar 
hismorrhage  on  autopsy  and  yet  have  never  presented  these  symptoms. 
The  cause  of  opisthotonos  cannot  be  haemorrhage  into  the  fourth 
ventricle,  since  it  has  been  observed  in  animals  in  which  no  such 
hcemorrhage  was  found. 

(e)   Temperature  Regulation. 

There  seems  to  be  no  doubt  that  after  operation  these  preparations 
have  no  power  of  temperature  control  whatever,  and  that  they  never 
regain  it  however  long  they  may  survive  the  operation.  If  they  are 
kept  in  an  incubator  the  setting  of  the  incubator  temperature  has  to  be 
exactly  right,  so  that  the  heat  loss  balances  the  heat  production,  in  order 
to  maintain  a  constant  temperature,  and  the  setting  of  the  incubator 
required  for  different  animals  is  not  the  same.  Even  for  the  same 
animal  the  balance  has  to  be  hit  exactly,  taking  into  account  the  degree 
of  the  dryness  or  dampness  of  the  fur,  and  to  strike  such  a  balance 
becomes  a  difficult  problem  even  if  the  air  be  maintained  saturated  with 
moisture. 

Not  only  are  they  unable  to  adapt  themselves  to  even  small  changes 
in  temperature  but  they  have  never  shown  normal  reactions  to  these 
temperature  changes.  If  their  body  temperature  is  dropped  suddenly 
no  shivering  has  ever  been  observed,  nor  does  their  respiratory  rate 
increase  to  a  normal  extent  if  their  body  temperature  is  quickly  raised. 
It  is  true  that  few  people  have  seen  a  normal  cat  shiver  in  cold  weather 
or  pant  under  the  influence  of  heat,  but  anyone  who  has  tried  washing 
a  cat  will  have  observed  the  shiver  (see  also  animal  V),  and  if  a 
wet  cat  be  dried  under  sufficiently  warm  conditions  the  respiratory 
rate  may  easily  rise  to  70  or  80  a  minute.     The  ordinary  cat  does  not 
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usually  show  either  symptom,  since  it,  is  careful  to  keep  itself  under 
comfortable  conditions  and  has  a  thorough  insulation  in  its  fur.  The 
metabolism  of  these  preparations  has  not  so  far  been  investigated 
by  us,  but  we  have  no  reason  to  doubt  the  low  metabolism  figures 
obtained  oa  the  acute  preparation  by  Koaf  [47],  since  the  difficulty  of 
keeping  the  preparations  warm  has  always  been  remarkable.  The 
stretching  out  of  the  limbs  in  extension  no  doubt  increases  the  heat  loss, 
but  even  so  it  is  surprising  that  keeping  the  animals  on  a  warmed 
operation  table,  surrounding  them  with  hot-water  bottles  and  covering 
with  a  blanket,  is  usually  only  just  able  to  keep  the  animal's  temperature 
normal  if  the  room  is  at  all  cold,  i.e.,  15°  C.  There  is  also  some  evidence 
that  the  metabolism  is  greater  the  higher  the  temperature  and  that  it 
decreases  with  a  fall  in  temperature,  so  that  there  is  no  effort  at  a 
control  of  body  temperature  through  a  control  of  metabolism.  Thus  in 
an  incubator  animal  with  its  fur  greased  and  in  an  atmosphere  saturated 
with  moisture  (when  the  loss  of  heat  is  accomplished  by  radiation  and 
conduction),  the  difference  in  temperature  between  the  animal  and  the 
incubator  is  usually  greater  the  higher  the  temperatures  happen  to  be. 
Thus  with  a  high  rectal  temperature  a  difference  of  5  C.  above  che 
temperature  of  the  incubator  may  be  found,  and  with  a  low  rectal 
temperature  the  difference  between  the  two  may  be  only  3°  C.  Thus 
there  is  a  tendency  for  the  rectal  temperature  to  swing  more  widely 
than  that  of  the  incubator.  The  resulting  difficulty  in  finding  a  correct 
setting  for  the  incubator  is  readily  seen  by  reference  to  a  few  examples. 
The  general  correspondence  between  the  animal's  temperature  and 
that  of  the  incubator  is  well  shown  in  fig.  1,  which  represents  the 
temperatures  observed  in  cat  VII,  of  which  some  description  has  already 
been  given.  This  animal  was  kept  immediately  after  operation  in  an 
incubator  in  which  the  air  was  constantly  saturated  with  moisture  by 
having  the  wall  covered  with  damped  cloth.  Considerable  difficulty  was 
found  in  getting  a  correct  setting  of  the  incubator  and  it  is  seen  that 
between  eight  hours  and  twelve  and  a  half  hours  on  the  first  day  the  rectal 
temperature  of  the  preparation  dropped  2'1''C.  (from  372''  to  35"1°C.), 
corresponding  with  a  fall  of  1"5°  C.  in  that  of  the  incubator.  It  is  also 
noticeable  that  after  three  and  a  half  hours  on  the  first  afternoon  the 
rectal  temperature  was  39°  C.  and  was  rising  rapidly  as  the  result  of  an 
incubator  temperature  of  29'7"  C.  dry  and  29°  C.  wet  bulb,  while  twenty- 
seven  hours  after  operation  the  rectal  temperature  was  fairly  steady  at 
only  36'2''  C,  though  the  incubator  setting  had  now  been  adjusted  to 
give    a    temperature    of    30'3°  C.    dry    and   298''  C.    wet    bulb.      The 


THE  DECEREBRATE  ANIMAL  IN  THE  CHRONIC  AND  ACUTE  CONDITION       207 

difference  in  the  two  results  is  probably  due  to  the  gradual  loss  of 
the  insulating  action  of  the  fur  as  the  effect  of  the  penetration  of  the 
moisture  through  it.  This  was  demonstrated  accidentally  on  the  second 
afternoon.  At  3.10  p.m.  the  animal  was  taken  out  of  the  incubator  and 
was  examined  for  Magnus  reflexes  in  front  of  a  gas  stove  until  4.25  p.m. 
During  this  examination  its  rectal  temperature  rose  to  39'7°  C,  its  fur 
became  dry  and  in  good  condition,  and  it  was  then  returned  to  the 
incubator  in  the  belief  that  its  temperature  would  gradually  drop  again 
to    86'2^  C,  since  the  incubator  setting    had    not  been  altered.     The 


Fig.  1. — Experiment  VII.  Abscissa  :  Time  in  hours  from  end  of  operation.  Ordinate  : 
Temperature  degrees  centigrade.  Lowest  curve :  Wet  bulb  temperature  of  incubator. 
Middle  curve:  Dry  bulb  temperature  of  incubator.  Upper  curve:  Rectal  temperature  of 
animal.  Dotted  part  of  curve  :  Change  when  animal  was  out  of  incubator  being  examined  in 
front  of  a  gas  stove. 


observer  was  interrupted  by  teaching  work  and  when  the  animal  was 
again  examined,  one  hour  and  thirty-five  minutes  later,  it  was  found  to 
be  dead,  with  a  post-mortem  rectal  temperature  of  42'1°  C.  This  case, 
therefore,  illustrates  very  well  the  difficulties  of  incubator  preservation 
of  these  preparations,  and  the  numerous  factors  that  have  to  be  taken 
into  consideration,  as  Vv'ell  as  demonstrating  the  absence  of  any  control. 
The  same  points,  and  also  the  general  course  of  such  an  incubator 
experiment,  may  be  seen  in  the  case  of  cat  VIII  (also  previously  described 
in  relation  to  the  Magnus  reflexes).  The  general  history  of  its  tempera- 
ture changes  is  illustrated  in  fig.  2  ;  but  a  more  or  less  detailed  account 
may  also  be  given  to  serve  as  an  example  of  an  incubator  experiment. 
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Animal  VIII. — Female.  (For  ])ost-mortem  see  p.  252,  and  previous  descrip- 
tion p.  203).  Decerebrated  by  later  metbod  so  as  to  preserve  stalk  of  pituitary. 
Ratber  ragged  section  and  considerable  btemorrbage  afterwards.  Large  piece 
of  gauze  left  in,  but  in  spite  of  tins  a  consideral)le  ba'matoma  formed  shortly 
after  the  end  of  the  operation.  Placed  in  steam-heated  incubator  at  30'8" 
dry  and  30'^"  C.  wet,  i.e.,  about  temperature  at  which  cat  VII  had  a  rapid  rise 
of  temperature  on  its  first  day.  At  three  and  a  quarter  hours  the  rectal 
temperature  was  still  below  35  C. ;  at  four  and  a  quarter  hours  it  was  still 
only  34  C,  though  the  incubator  tempex'ature  had  been  still  further  raised. 
The  incubator  was  then  set  to  give  33'5°  dry  and  32'8°  wet  bulb,  and  the 
rectal  temperature  gradually  rose  to  reach  38°  C.  after  about  nine  hours.     Tlie 
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Fig.  2.  —  Experiment  VIII.  Abscissa:  Time  in  hours  from  end  of  operation.  Ordinate: 
Temperature.  Lowest  curve  :  Wet  bulb  temperature  of  incubator.  ^Middle  curve  :  Dry  bulb 
temperature  of  incubator.  Top  curve  :  Rectal  temperature  of  animal.  Dotted  parts  of 
curve  :  Animal  out  of  incubator  — (a)  taken  out,  wound  dressed  ;  as  bodily  temperature  fell 
fur  treated  with  paraffin  and  animal  then  warmed  in  front  of  gas  stove  ;  (6)  and  (c)  cooled 
by  being  kept  in  a  room  for  a  short  while ;  (d)  examined  in  front  of  stove  for  Magnus 
reflexes. 


incubator  temperature  was  then  gradually  reduced  and  regulated  to  give  a 
temperature  of  about  31'5°  dry  and  30'5^  wet  bulb,  when  the  rectal  tempera- 
ture reached  a  steady  level  at  about  37'3°  C.  During  this  time  the  animal  had 
had  good  rigidity  of  all  limbs ;  twelve  hours  after  operation  it  showed  brisk 
corneal  and  pinna  reflexes,  and  some  mastication  reflex,  and  when  the  ear  was 
twisted  it  moved  its  head  and  fore  limbs  slightly  and  showed  a  definite  increase 
in  decerebrate  rigidity. 

Thirty  hours  after  operation  reflexes  as  before  but  mastication  no  longer 
seen;  respiration  rate  21,  temperature  37'3°  C.  Lying  on  right  side  it  now 
had  good  rigidity  of  all  four  limbs,  but  on  turning  on  to  left  side  showed  some 
flexion  of  back,  good  rigidity  of  hind  limbs,  little  rigidity  in  the  left  fore,  and  it 
held  the  right  fore  rigid,  but  flexed  and  placed  forward  across  the  left,  with  the 
ankle  joint  acutely  flexed  and  the  claws  extended.     It  kept  its  head  turned  to 
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the  ri.aht  if  put  into  a  sittinj:*  posture.     The  tail  was  intensely  rigid,  and  was 
wagged  whenever  the  animal  was  touched. 

Forty-six  hours  after  operation  taken  out  of  incubator,  and  gauze  plug 
removed  from  wound  ;  hiEmatoma  found  infected.  Animal  kept  on  warmed 
table  but  room  temperature  only  9°  C.  (owing  to  post-war  conditions),  and 
the  rectal  temperature  soon  dropped  to  below  35°  C.  Animal  then  warmed  in 
front  of  gas  stove  and  lubricating  oil  rubbed  into  fur  to  diminish  its  lieat 
insulation  value. 

Returned  to  incubator  at  2  p.m.  (i.e.,  fifty  hours  after  operation)  with 
temperature  of  38"7°  C.  The  respiration  rate  was  then  20,  having  dropped  to 
15  per  minute  when  the  body  temperature  was  at  its  lowcot.  Fig.  2  shows 
the  changes  in  temperature  occurring  after  this  and  the  close  correspondence 
between  the  rectal  and  incubator  temperatures.  When  the  rectal  temperature 
had  risen  to  4:1"6°  C.  the  respiratory  rate  was  40,  dropping  again  to  a  rate  of 
31  when  the  rectal  temperature  had  reached  38' 1°  C.  on  taking  the  animal  out 
of  the  incubator  and  keeping  in  a  cold  room.  This  drop  of  temperature 
occurred  in  about  thirty-eight  minutes,  and  yet  there  was  never  any  sign  of 
shivering.  The  posture  of  the  animal  when  lying  on  the  left  and  right  sides 
was  as  before.     The  wound  was  opened  up  and  some  pus  evacuated. 

Sixty-six  hours  after  operation  the  animal  was  again  examined.  It  now 
had  good  extensor  rigidity  of  all  four  limbs  when  lying  on  the  left  side,  and  on 
being  turned  to  the  riqlit  side  there  was  good  rigidity  of  the  hind  limbs  and 
extrusion  of  claws,  and  on  stimulating  by  twisting  the  ear  the  fore  limbs 
assumed  a  rigid  flexed  position  with  extrusion  of  the  claws,  and  maintained  it. 

One  hundred  and  three  hours  after  operation  the  rectal  temperature  was 
38'5'^  C,  and  the  respiratory  rate  32.  The  upper  fore  limb  was  kept  flexed  on 
w^hichever  side  it  was  lying.  On  touching  the  animal  there  was  reflex 
extrusion  of  claws  and  either  retraction  or  prodding  forward  of  the  limbs. 

One  hundred  and  eighteen  hours  after  operation  the  animal  was  much  as 
above,  but  when  traction  was  made  on  its  flexetl  upper  fore  limb,  it  withdrew 
it  with  a  clawing  movement.  It  also  made  a  cry — an  inco-ordinated  mew — 
when  being  turned. 

One  hundred  and  twenty-seven  hours  after  operation  was  as  above  but 
on  various  stimuli,  such  as  mere  touching,  would  often  extend  a  limb  and 
spread  out  claws,  in  the  position  a  cat  holds  its  limbs  when  stretching  after 
waking  up. 

At  the  end  of  the  sixth  day  the  position  of  the  animal  on  whichever  side  it 
was  lying  was  very  definite  and  has  already  been  described  in  connection  with 
the  Magnus  reflexes.  It  had  no  auditory  reflexes,  but  by  this  time  some 
mastication  had  again  returned.  The  respiration  rate  was  33  with  a  rectal 
temperature  of  39"1^  C.  There  was  a  discharge  of  pus  and  wax  with  dis- 
integrating haematoma  from  the  wound,  and  in  the  middle  of  the  seventh  day 
the  animal  died  as  the  result  Of  a  secondary  haemorrhage  within  the  cranium. 
Urine  passed  during  the  third  day  contained  no  trace  of  sugar. 
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The  effect  of  bodj'  tenipeiiiture  on  the  respiratory  rate  is  also  well 
shown  in  the  case  of  cat  XII  kept  in  an  incubator  with  a  wet  bull) 
control,  but  in  which  the  air  was  not  saturated  with  moisture  and  where 
the  insulating  action  of  the  fur  was  not  interfered  with.  The  changes 
in  body  teniperature  and  of  the  incubator  for  thirty  hours,  starting  seven 
hours  after  the  end  of  the  operation,  are  shown  in  fig.  8  ;  the  wet  and 
dry  bulb  readings  were  taken  at  frequent  intervals  and  the  rectal 
temperatures  were  taken  with  an  electrical  resistance  thernjometer  and 
were   recorded    every  minute   on  a   Gamgee    [16]    thread   recorder    as 


Fig.  3. — Experiment  XII.  Abscissa:  Time:  operation  finished  seven  hours  previous 
to  commencement  of  record.  Ordinate:  Temperature.  Lower  curve:  Wet  bulb  temperature 
of  incubator.  Middle  curve  :  Dry  bulb  temperature  of  incubator.  Upper  curve  :  Rectal 
temperature  of  animal  (record  with  resistance  thermometer).  Gaps  in  records,  opening  of 
incubator  door. 


described  by  Woodhead  and  Varrier  Jones  [65] .  In  all,  more  than 
forty-five  observations  of  the  respiratory  rate  at  varying  body  tempera- 
tures were  made  on  this  animal,  though  the  results  were  somewhat 
modified  by  the  gradual  development  of  mucus  in  the  trachea  giving 
some  irregularity  in  the  respiration  with  a  later  development  of  lung 
congestion.  If  all  the  figures  for  the  respiratory  rate  during  the  first 
few  days  are  averaged  the  following  results  are  obtained  : — 


Temperature 

Number  of  oVj8er\ 

ations 

Average 

rate  pfr  minute 

36",  to  37" 

4 

23 

37"  to  38« 

18 

28 

38°  to  39° 

16 

33 

39°  to  40  1° 

7 

36 

I 
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If,  however,  only  the  earher  figures  are  taken,  before  much  tracheitis 
had  occurred,  the  respiratory  rates  are  rather  slower  but  the  relative 
differences  are  much  the  same. 


Average  tempei 

aluri> 

Xuiiibei 

of obscrva 

tions 

Average  rate 

36-1" 

1 

15 

37-2° 

4 

19 

37-8" 

5 

25 

38-0° 

2 

29 

38-3" 

4 

31 

38-7" 

4 

32 

39-5" 

8 

33 

The  brain  section  in  this  animal  was  from  the  anterior  end  of  the 
inferior  colliculi  to  1  mm.  in  front  of  the  pons,  but  a  detailed  histo- 
logical examination  was  not  made.      It  will  be   noticed  that   in  this 
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Fig.  4. — Experimeut  XII.  Abscissa  :  Rectal  temperature.  Ordinate  :  Respiratory  rate 
per  minute.  Variations  in  respiratory  rate  with  changes  in  temperature,  o  =  Observations 
during  first  twenty-nine  hours.     .  =  Observations  made  later  than  this. 


animal  as  well  as  in  cat  VII  there  v/as  a  very  definite  dependence  of 
the  respiratory  rate  on  the  body  temperature.  This  is  still  more  clearly 
seen  in  fig.  4  in  which  the  respiratory  rate  observations  are  plotted 
against  the  body  temperatures.  The  figures  are  obviously  affected  by 
other  factors,  such  as  the  mucus  already  referred  to,  and  quite  possibly 
the  respiratory  rate  is  ditlerent  for  any  given  temperature,  if  the 
temperature  is  then  falling,  compared  to  what  it  would  be  if  the 
temperature  were  rising.  In  spite  of  these  variable  factors  it  is  clear 
from  a  consideration  of  these  two  examples  that  there  is  a  relationship, 
and  that  the  temperature  coefficient  is  rather  high,  probably  about 
4'0,  possibly  as  high  as  5.  But  in  any  case  the  effect  is  much  less  than 
in  the  normal  cat  where  a  slight  rise  in  body  temperature  may  easily 
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give  a  respiratory  rate  of  HO  [20]  [30]  [4)S].  That  the  temperature 
coefficient  is  so  high  may  be  partly  due  to  the  fact  that  not  only 
might  the  change  in  temperature  afifect  the  respiratory  centre  directly, 
but  it  might  also  do  so  indirectly  through  altering  the  metabolism. 

In  only  one  instance  was  a  really  fast  respiration  seen  with  a  raised 
body  temperature.  In  this  animal  the  temperature  rose  to  42'8°  C.  in 
an  incubator  through  an  accident.  At  the  time  of  observation  it  was 
moribund  and  its  respiratory  rate  was  about  60,  but  this  anin^al  had 
had  a  considerable  reactionary  hapmorrhage,  with  marked  opisthotonos 
and  convulsive  spasms,  and  its  fast  respiratory  rate  may  have  been  due 
to  other  factors.  In  any  case  the  rate  observed  is  not  very  different 
from  what  might  be  expected  at  this  body  temperature,  judging  by  the 
other  animals.  The  section  in  this  animal  was  also  rather  anterior 
and  very  ragged. 

With  regard  to  the  respiration  it  should  be  noted  that  as  a  rule  with 
a  normal  body  temperature  the  respiratory  rate  was  about  24  per 
minute,  which  is  about  the  normal  rate  for  a  cat.  Irregular  and 
spasmodic  breathing  described  by  Macleod  [34]  [35]  as  occurring 
spontaneously  in  some  animals  after  decerebration  was  not  seen 
except  where  there  was  fairly  definite  evidence  of  haemorrhage,  as  in 
cat  X,  nor  can  we  agree  with  the  provisional  statement  made  by 
^lacleod  that  "  when  the  posterior  corpora  quadrigemina  are  even 
slightly  wounded  spontaneous  respiration  is  seldom,  if  ever,  observed." 
We  have  repeatedly  made  sections  through  this  level  and  observed 
normal  respirations,  and  we  have  even  made  sections  through  the  very 
posterior  edge  of  the  inferior  colliculi  without  having  trouble  with  the 
respiration  (e.g.,  cat  XXI  described  later,  survived  over  twenty-two  days 
with  a  normal  respiratory  rate,  and  cats  XX  and  XXIII  furnished  other 
examples  of  this).  The  contrast  between  our  experience  and  that  of  Dr. 
Macleod  may  depend  on  the  fact  that  our  animals  immediately  after  the 
operation  were  left  quite  quiet  without  further  experimentation,  while 
such  a  course  is  impossible  in  dealing  with  the  acute  preparation.  Any 
manipulation  or  stimulus  must  increase  the  risk  of  reactionary  haemor- 
rhage either  below  the  tentorium  or  into  the  substance  of  the  medulla, 
and  that  this  was  a  common  occurrence  even  in  our  animals  may  be 
seen  by  reference  to  the  anatomical  descriptions.  Clearly  the  macro- 
scopical  inspection  of  the  brain-stem  does  not  allow  the  physiological 
level  of  the  decerebration  to  be  determined,  and  consequently  discre- 
pancies between  different  observers  are  to  be  expected  according  to 
the   relative   probability    of    post-operative    haemorrhage.      A   similar 
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explanation  may  well  account  for  the  discrepancies  between  Trevan  [58] 
and  ourselves  as  to  the  effect  on  the  respiratory  rate  of  section  at 
various  levels. 

Fig.  8  demonstrates  well  how  sensitive  the  body  temperature  was 
to  the  changes  in  the  incubator  produced  by  opening  the  door  for  a  few 
minutes,  as  for  instance  for  feeding. 

That  the  wet  bulb  temperature  is  very  important  is  shown  by  the 
fact  that  animal  YII  required  a  wet  bulb  temperature  of  about  '2'.)^  C. 
with  a  dry  bulb  reading  of  about  30  to  maintain  a  normal  temperature, 
while  animal  XII  required  a  wet  bulb  temperature  of  between  28^  and 
29°  with  a  dry  bulb  of  about  34°  for  the  same  result.  And  yet  it  was 
not  the  only  factor ;  the  rectal  temperature  showed  a  rise  in  cat  XII 
between  8  a.m.  and  2  p.m.  with  a  rise  in  the  wet  bulb  temperature, 
but  it  also  showed  a  fall  between  4  p.m.  and  10  p.m.  although  the 
incubator  wet  bulb  temperature  had  altered  very  little,  while  the  dry 
bulb  fell  considerably.  Also  the  difference  seen  between  animals  VII 
and  VIII,  one  requiring  a  wet  bulb  temperature  of  29°  and  the  other 
of  31°  (before  the  fur  was  greased)  with  almost  complete  saturation 
with  moisture,  to  maintain  normal  conditions,  requires  explanation. 
Cat  VII  had  an  excellent  coat  and  cat  VIII  was  rather  mangy,  and 
this  may  well  have  been  the  cause. 

The  incubator  temperatures  in  the  case  of  cat  XII  were  rather 
variable ;  the  reason  for  this  was  that  the  outer  door  of  the  incubator 
was  left  open  throughout  the  experiment  to  allow  the  repeated  examina- 
tions of  the  respiratory  rate  on  this  animal,  and  the  glass  door  did  not 
give  adequate  insulation.  The  sudden  peaks  occurring  in  the  rectal 
temperature  record  in  this  figure  are  also  of  interest.  They  were 
always  seen  when  an  animal  attempted  to  defalcate  against  the  resist- 
ance of  the  thermometer ;  since  they  show  fairly  steep  falls  directly  the 
efforts  ceased  they  may  represent  a  change  in  temperature  which  was 
chiefly  local. 

The  absence  of  shivering  on  cooling  was  specially  tested  in  one 
animal  (cat  XIII)  four  hours  after  operation.  This  animal's  reflexes 
were  brisk  and  the  section  was  an  anterior  one  passing  through  the 
superior  colliculi  to  2  mm.  in  front  of  the  pons  ;  it  was  operated  on  by 
the  older  method.  Though  its  temperature  was  reduced  from  395^  to 
37 "8°  by  wetting  with  cold  water  (the  normal  temperature  for  a  cat  is 
about  38'5°)  within  five  minutes,  yet  no  sign  of  shivering  was  seen. 
In  another  animal  which  has  already  been  referred  to  (cat  V)  the  pre- 
paration was  kept  in  an  incubator  for  the  first  nine  hours ;  it  was  con- 
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stantly  making  running  movements,  so  that  it  was  not  found  easy  to 
balance  the  heat  exchange.  At  the  end  of  this  nine-hour  period  its  rectal 
temperature  was  40'ir'  C. ;  then  it  was  cooled  down  by  holding  under 
a  tap  delivering  water  at  1()0 '  C,  the  water  being  rubbed  into  the  flanks, 
so  that  the  temperature  fell  to  87'8°  within  sixteen  minutes,  and  yet  no 
sign  of  shivering  could  be  observed.  That  shivering  does  not  occur 
either  even  in  animals  that  have  survived  much  longer  is  clear  in  that 
no  such  movement  was  ever  seen  in  animals,  siich  as  cat  II  which  was 
taken  from  a  bath  and  had  its  temperature  dropped  rapidly  from  a 
normal  level  to  one  much  below  normal  during  the  process  of  drying. 
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Fio.  5. — Experiment  XIV.  Abscissa:  Time.  Ordinate:  Temperature.  Lower  curve: 
Rectal  temperature  of  animal  in  bath,  December  13  to  14.  Upper  curve  :  Temperature 
record  of  batli  December  12  to  1:3. 

Fig.  5  gives  examples  of  records  with  a  resistance  thermometer 
of  the  rectal  temperature  of  animal  XIV  (described  a  little  later)  kept 
in  a  water  bath,  as  well  as  a  record  of  the  bath  itself,  the  two  records 
being  taken  on  successive  days,  and  the  part  reproduced  includes  the 
early  morning  hours  when  the  greatest  fluctuations  of  the  bath  tempera- 
ture usually  took  place.  The  relative  steadiness  of  the  rectal  tempera- 
ture by  the  use  of  this  method  is  very  noticeable,  and  also  the  rapid 
drop  of  nearly  1°  C.  in  the  rectal  temperature  on  feeding  this  animal 
(of  2'1  kilo  weight)  with  about  90  c.c.  of  cold  luilk  by  stomach  tube. 
The  effect  of  feeding  was  always  marked,  if  the  food  were  cold,  so  that 
in  incubator  experiments  it  was  necessary  first  to  warm  the  milk  to  the 
body  temperature,  since  under  these  conditions  recovery  of  a  normal 
temperature  took  place  much  more  slowly. 

(/)  Pseudaj^ective  Reflexes;  Mastication  and    Vocalization. 

Pseudaffective  reflexes  have  already  been  described  by  Woodworth 
and  Sherrington  [66]  in  acute  preparations,  and  all  those  that  they 
have  described  may  be  observed  in  the  chronic  animal,  as  well  as  others 
which  are  rarely  seen  except  after  survival  for  a  few  days.     The  most 
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common  of  these  reflexes  is  the  lashing  of  the  tail  when  the  animal  is 
touched  or  stimulated,  as  by  twisting  the  ear ;  this  reflex  is  seen 
in  a  large  percentage  of  the  preparations  (both  acute  and  chronic),  e.g.,. 
cat  VIII.  Kicking  movements  and  running  reflexes  may  also  be 
induced  often  by  touching  an  animal,  as  happened  for  instance  in 
animals  II,  IV  and  V.  All  these  reflexes  may  be  seen  in  the  acute 
preparation,  but  they  become  more  common  as  an  animal  is  kept,  and 
may  often  be  present  after  the  fourth  day  when  the  animal  has  been 
entirely  passive  during  the  first  few  days.  The  kicking  movements  are 
usually  more  widespread  and  general  in  the  later  stages  than  in  the 
earlier,  and  while  they  are  relatively  difticult  to  induce  in  the  first  few 
days  except  by  strong  stimulation  of  some  area  on  the  head,  in  the 
later  stages  mere  touch  stimuli  at  any  situation  will  often  produce  a 
reaction.     Some  instances  of  these  may  be  briefly  described. 

Animal  XIV. — Female.  Decerebrated  by  earlier  tecliBique.  Had  good 
rigidity  with  head  held  to  the  left,  brisk  pinna  and  conjunctival  reflexes, 
pricking  of  the  left  ear  to  auditory  stimuli,  and  it  swallowed  a  stomach  tube 
with  a  passive  reflex  action  on  the  first  day.  By  the  fourth  day  the  head  was 
raised  to  the  left  when  sounds  were  made,  especially  to  such  noises  as  shuffling 
the  feet  on  the  floor,  and  the  stomach  tube  was  only  swallowed  after  apparent 
objection.  This  consisted  in  bending  the  head  backwards,  biting,  attempts  at 
spitting  out  the  tube  and  general  movements  of  the  head  which  suggested  an 
attempt  to  get  rid  of  the  tube.  The  eyes  had  been  washed  out  with  water 
every  day,  and  on  this  day  it  began  to  "  object  "  to  this  process,  squirming 
its  head  backwards  and  making  the  washing  difficult.  On  the  fifth  day  there 
was  some  conjunctivitis  of  the  left  eye  and  the  washing  of  the  eyes  was  also 
accompanied  by  movements  of  the  legs.  The  section  passed  just  in  front  of 
inferior  colliculi  dorsally  to  about  3  mm.  in  front  of  the  pons  ventrallj'.  No 
detailed  examination  was  made. 

Animal  XV. — Male.  Decerebrated  by  later  metliod.  Eigidity  good  and 
refiexes  good.  Slight  movements  of  progression  in  left  hind  limb  on  first  day. 
On  second  day  some  progression  movements,  though  slight,  in  all  four  limbs 
from  time  to  time.     Stomach  tube  swallowed  passively.     No  auditory  refiex. 

On  third  day  on  turning  the  cat  over,  it  had  a  flexion  spasm  of  both  fore 
paws  associated  with  an  increased  rate  of  respii'ation  and  some  turning  of  the 
head  to  the  right. 

On  fourth  day  some  chewing  of  the  stomach  tube  hut  no  "  objection  "  to  it. 
A  slight  nose-licking  reflex  present  after  feeding. 

On  fifth  day  there  was  some  conjunctivitis.  On  cleansing  the  eyes  there 
was  apparent  objection,  movement  away  of  the  head  and  In'inging  forward  of 
the  fore  paws  as  though  to  push  the  hand  away,  but  this  was  badly  co-ordinated 
and  ineffective.     The  condition  remained  much  the  same  till  the  eighth  day. 
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when  the  animiil  "jumped"  and  showed  increase  ol'  rigidity  on  cleansing  the 
eyes  hut  no  longer  moved  the  fore  limbs.  It  died  from  a  septic  enteritis  and 
imeumonia  at  the  end  of  the  eighth  day.  Tlie  level  of  the  section  v^'as  sym- 
metrical antl  passed  between  the  coUiculi  dorsally  to  the  anterior  edge  ol 
the  pons. 

These  animals  illustrate  tlie  gradual  change  during  the  first  few 
days  with  the  appearance  of  reactions  not  seen  at  first.  Ophthalmia 
was  a  common  occurrence  (due  no  doubt  to  their  blindness)  ;  the 
apparent  objection  to  the  cleansing  of  the  eyes  was  never  seen  in  the 
first  few  days,  but  was  nearly  always  seen  after  the  fourth  or  fifth  day. 
During  the  first  few  days  after  operation,  the  stomach  tube  is  usually 
well  swallowed  but  without  any  effort  at  mastication,  after  this  there  is 
often  developed  a  more  complicated  refiex,  in  which  the  tube  is  taken 
with  avidity  with  a  well  co-ordinated  chewing  movement  which  might 
be  so  effective  as  to  puncture  a  stout  rubber  catheter.  Once  the  tube 
had  reached  the  stomach  the  chewing  movements  would  usually  cease, 
to  recur  again  from  time  to  time.  It  was  often  noticed  that  these 
chewing  movements  recurred  more  commonly  at  a  time  when  milk  was 
flowing  through  the  tube  into  the  stomach.  Whether  there  was  any 
reflex  connection  between  the  stomach  distension  and  the  ma.stication 
reflex  is  how^ever  doul)tful,  since  at  this  time  mechanical  movements  of 
the  tube  in  the  mouth  were  liable  to  occur.  On  the  removal  of  the 
tube  in  a  good  animal  there  would  occur  a  nose  and  mouth  licking  reflex 
usually  continuing  for  two  or  three  licks.  A  similar  nose  licking  reflex 
has  been  described  in  dogs  by  Meltzer  and  Githens  [42],  and  like  them 
we  have  found  that  such  a  response  may  sometimes  be  induced  by 
pinching  of  the  nasal  septum,  but  in  our  preparations  it  occurs  much 
more  regularly  as  a  part  of  a  mastication  complex.  This  nose  licking 
is  also  very  common,  even  in  animals  that  do  not  otherwise  show  it, 
just  before  vomiting  occurs,  and  under  these  conditions  some  mastication 
movements  usually  accompany  it. 

The  mastication  movements  were  usually  well  co-ordinated  and 
after  a  few  bites  food  placed  near  the  back  of  the  mouth  was  swallowed, 
but  the  mastication  was  never  sufiicient  to  bite  any  solid  food  into  small 
fragments ;  if  the  solid  food  were  placed  in  the  front  of  the  mouth 
it  might  remain  there  without  any  movement  occurring,  or  it  might  be 
spat  out,  or  very  occasionally  chewing  movements  might  be  induced.  If 
a  number  of  pieces  of  solid  food  were  given  to  such  an  animal  the  reflex 
soon  fatigued  (a  cat  is  a  slow  eater)  and  the  bolus  of  food  was  left 
stationary,  even  though  lying  at  the  back  of  the  throat.     If  such  a  pre- 
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paration  was  then  stimulated,  as  for  instance  by  a  slight  tap  on  the 
nose,  it  would  shake  its  head,  apparently  "wake  up"  and  the  bolus 
was  immediately  swallowed.  A  mastication  reflex  was  often  induced 
by  merely  opening  the  mouth.  The  position  of  the  section  in  animals 
with  simple  mastication  reflexes  may  be  seen  by  reference  to  cats  III, 
IV,  YIII,  all  of  which  showed  this  reflex  well. 

After  the  fifth  or  sixth  day  pseudaffective  characteristics  often 
appear  in  this  mastication  reflex,  the  tube  being  apparently  objected  to 
as  in  animal  XIY,  though  food  would  be  well  taken.  In  this  reaction  it 
may  kick  and  bite  and  make  the  other  movements  described  in  the  case 
of  cat  XIV,  or  it  may  be  less  definite.  The  sequence  of  different  types 
of  mastication  reflex  is  usually  as  above,  but  there  are  variations,  and 
in  our  series  of  124  complete  decerebrations  we  have  had  two  which 
showed  this  seeming  objection  even  on  the  first  day.  This  was  the  case 
with  animal  XII  already  referred  to,  and  also  in  the  case  of  a  kitten  of 
1'7  kilo  weight  (cat  XVI)  in  which  the  section  passed  between  the 
colliculi  to  the  anterior  end  of  the  pons.  It  will  be  noticed  therefore 
that  in  these  cases  the  sections  were  at  a  normal  level. 

In  many  cases  the  mouths  of  the  animals  were  washed  with 
1  in  GO  carbolic  for  cleansing  purposes.  This  process  has  also  been 
accompanied  by  a  seeming  objection,  shaking  of  the  head,  movements 
of  the  limbs,  &c. ;  this  reflex  also  has  not  been  seen  during  the  first 
few  days. 

Though  the  reflexes  so  far  described  seem  superficially  to  have  some 
relationship  to  emotion,  they  are  clearly,  even  to  a  casual  observer, 
merely  pseudaffective,  since  they  differ  from  many  spinal  reflexes  only 
by  being  rather  more  elaborate,  and  since  in  such  a  decerebrate  animal 
they  appear  with  a  mechanical  precision  whenever  the  animal  is  put 
under  the  same  conditions.  It  is  also  very  noticeable  that  a  preparation 
that  appears  to  object  strongly  to  having  its  eyes  washed  will  allow  the 
wound  on  its  head  to  be  picked  up  roughly  with  forceps  while  a  stitch 
is  passed  or  removed,  and  not  a  movement  of  its  limbs  may  occur, 
though  a  simple  rigid  extension  is  maintained.  To  the  stimulus  of  a 
foreign  body  in  the  eye  it  has  an  habitual  reflex  response,  but  the 
puncture  of  a  needle  in  the  scalp  is  an  abnormal  stimulus  unconnected 
with  any  habit  or  reflex.  We  can  therefore  unhesitatingly  confirm 
Sherrington's  interpretation  of  these  phenomena. 

A  type  of  pseudaffective  reflex  very  rarely  seen  except  in  chronic 
preparations  is  vocalization.  This  was  only  seen  in  a  small  percentage 
of  the  animals,  occurring  in  ten  out  of  the  series  of  124  operated  on- 
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Oi  these  ten  animals  four  purred,  and  where  purring  occurred  at  all  it 
was  usually  repeated.     An  example  is  described  below. 

Animal  XVII. — Male  kitten,  ■<veight  r3  kilo.  Post-mortem  see  p.  248. 
Decerebrated  by  earlier  tecbnique.  Reflexes  fairly  brisk  and  moderate 
rigidity  on  second  day.  On  fourth  day  purred  after  feeding.  This  commenced 
about  five  minutes  after  the  end  of  feeding  and  would  then  continue  for  a 
considerable  time.  Purred  after  each  feed  till  the  sixth  day.  When  touched 
would  stretch  out  claws.  Occasionally  spontaneous  purring  occurred  in  bath. 
On  sixth  day  head  wound  sui)pui-ating  and  purring  reflex  no  longer  seen.  On 
seventh  day  reflexes  very  sluggish,  even  swallowing  reflex  being  poor. 
Stomach  tube  inserted  in  consequence  into  trachea  and  70  c.c.  of  milk  j)Oured 
into  it.  (In  the  ordinary  reflex  aninial  it  is  practically  impossible  to  put  the 
tube  down  the  trachea  owing  to  the  swallowing  reflexes.)  Considerable 
dyspncea  after  this.  When  fed  again,  eight  hours  later,  reflexes  still  very  bad. 
but  on  stroking  the  chin  after  feeding  it  commenced  to  purr,  but  this  only 
lasted  about  a  minute.  On  ninth  day  the  wound  suppuration  was  improving 
and  reflexes  much  more  brisk.  Purring  again  after  morning  feed.  On  tenth 
day  reflexes  very  dull,  respiratory  rate  very  fast  and  no  purring.  Death  later 
in  the  day  from  lung  abscess  and  empyema,  obviously  resulting  from  the 
passage  of  milk  into  the  lung. 

Animal  XVIII. — Young  female,  weight  2  kilos.  Decerebrated  by  earlier 
method.  Auditory  reflex  and  purring  after  food  present  on  first  day.  Vomited 
and  died  of  suffocation  on  first  night.  Section  through  anterior  part  of  inferior 
colliculi. 

The  occurrence  of  purring  with  regularity  after  feeding  was  very 
striking  and  it  could  not  be  induced  in  any  animals  in  any  other  way. 
Possibly  on  the  seventh  day  in  cat  XVII  the  stroking  under  the  chin 
assisted  in  the  development  of  the  response,  but  it  is  unlikely,  since 
this  form  of  stimulus  was  often  tried  and  never  at  any  other  time  wdth 
success.  On  the  other  hand,  food  in  the  stomach  formed  the  stimulus 
for  the  purring  in  three  out  of  the  four  animals ;  the  fourth  in 
which  it  developed  spontaneously  will  be  described  in  more  detail  later. 
The  disappearance  of  the  purring  after  food  in  cat  XVII  with  the 
development  of  suppuration  in  the  wound,  its  return  as  the  wound 
condition  improved,  and  its  disappearance  again  with  the  development 
of  the  lung  abscess  was  very  noticeable,  and  is  of  interest  in  that  the 
animal  was  kept  in  a  bath,  so  that  the  body  temperature  remained 
fairly  constant,  except  that  the  animal  was  once  taken  out  and  dried  in 
an  incubator.  Purring  was  observed  with  a  rectal  temperature  as  high 
as  39'2"'  C.  in  the  bath  and  as  low  as  86"5''  in  the  incubator,  while  the 
temperature  during    the  time    that    purring    was    absent    was   about 
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39'2°,  SO  that  it  was  not  change  of  temperature  that  caused  the  purring 
to  cease.  With  infection,  however,  there  is  evidence  of  the  dulling  of 
this  reflex,  much  as  infection  will  diminish  spinal  reflexes  in  man  or 
decrease  the  appetite.  But  the  condition  in  these  preparations  is  veiv 
different  from  real  appetite,  since  though  the  purring  occurs  after  food, 
no  sign  of  even  a  pseudafi'ective  response  is  observed  if  food  is 
withheld. 

Animal  XIX. — Young,  weight  2  kilos,  sex  not  noted.  Decerebrated  by 
earlier  technique.  After  operation  had  good  rigidity,  good  reflexes,  head  kei)t 
to  left.  Maintenance  of  good  sitting  posture  lying  on  right  side.  No  auditory 
reflex.  One  and  a  half  hours  after  operation  put  into  bath  and  showed  repeated 
strong  movements  of  head  to  left  resembling  a  clonic  movement.  After  two 
and  a  half  hours  found  in  bath  clawing  at  the  stirrer,  all  claws  extruded  bub 
animal  purring.  On  handling  it  made  violent  kicking  and  running  move- 
ments, and  in  this  kicking  its  head  fell  under  water.  After  this  it  gave  two 
loud  co-ordinated  mews — not  those  of  pain  so  much  as  those  of  an  angry  cat. 
It  was  taken  out  of  the  bath  and  wrapped  in  a  towel,  when  it  purred  again  for 
a  while.  It  was  then  put  back  into  the  bath,  when  it  had  no  further  move- 
ments but  commenced  to  purr  again.  Eeflexes  and  rigidity  good.  Slight 
movements  of  head  to  acoustic  stimuli  now  present.  Later  it  commenced 
kicking  movements  again,  but  was  hobbled.  Sounds  appeared  to  increase  the 
movements.  When  fed  it  swallowed  the  tube  normally  and  no  purring  was 
noticed  after.  The  wound  was  restitched  with  no  reaction  bv  the  animal 
occurring.  It  died  during  the  night,  possibly  from  hyperpyrexia  as  the  result 
of  violent  exercise  in  the  hot  bath. 

Autopsy  showed  a  slight  intracranial  haemorrhage  (about  the  size  of  a 
small  pea)  and  the  section  passing  through  the  anterior  half  of  the  superior 
colliculi  to  2  mm.  in  front  of  the  pons,  the  section  being  slightly  oblique  witii 
rather  more  removed  on  the  left  than  on  the  right.  All  the  nervous  tissue 
above  had  been  completely  removed.  Histological  examination  was  not 
possible  owing  to  post-mortem  softening. 

This  animal  appeared  to  have  vocalization  reflexes  occurring 
immediately  after  operation  in  a  more  or  less  disorganized  form.  It 
will  be  evident  from  the  three  examples  quoted  that  the  level  of  the 
section  has  been  rather  anterior,  and  it  might  have  been  concluded  that 
the  reaction  depended  on  centres  lying  above  the  level  of  the  pons. 
But  another  cat  which  purred  (cat  XX)  seems  to  disprove  this. 

Animal  XX. — Female,  weiglit  2  kilos.  Decerebrated  by  earlier  techni(iiu\ 
Eigidity  good.  No  auditory  reflex.  Purred  after  feeding  on  the  third  clay, 
and  repeated  this  after  all  meals  until  it  died  at  the  beginning  of  the  fifth  day. 
Cause  of  death  uncertain,  though  there  was  superficial  infection  of  the  wound. 
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The  section  passed  through  the  lower  parts  of  the  inferior  coUiculi  to  the 
upper  edge  of  the  pons.  No  histological  examination  attempted  owing  to 
post-mortem  softening  of  the  brain. 

It  seems  to  be  therefore  established  that  purring  reHexes  depend  on 
reflexes  through  centres  in  the  medulla — though  such  centres  are 
probably  high  in  the  medulla,  since  the  reaction  is  usually  not  seen 
for  the  first  few  days  after  operation,  and  shock  is  probably  more 
prolonged  in  the  immediate  neighbourhood  of  the  section.  It  is  notice- 
able that  purring  was  only  seen  in  young  animals,  and  then  usually  in 
females,  all  animals  which  might  be  expected  to  purr  readily  during 
life,  and  in  which  there  may  have  been  a  purring  habit.  The  possibility 
of  a  medulla-initiated  habit  is  strengthened  by  a  consideration  of  those 
animals  in  which  vocalization  in  the  form  of  growling  occurred. 

Growling  was  observed  in  three  animals,  and  shows  considerable 
contrasts  when  compared  with  the  purrmg  reflexes.  All  three  animals 
were  adult  males,  and  two  of  them  old  scarred  animals  which  had 
evidently  done  a  lot  of  fighting.  The  sound  was  exactly  that  made  by 
a  cat  when  fighting,  and  none  of  the  animals  made  the  sound  more  than 
once.  In  one  case  it  was  made  on  the  fourth  day  when  the  animal's 
mouth  was  being  cleaned  with  carbolic ;  in  another  (cat.  XXI — for 
description  see  page  221),  about  two  hours  after  operation  as  a  reaction 
to  air  blown  into  its  ear :  and  in  the  third  (cat  III  already  described) 
it  occurred  about  three  hours  after  the  operation,  when  the  animal  was 
put  into  the  bath.  None  of  the  animals  repeated  the  sound  (even 
though  cat  XXI  survived  for  twenty-two  days),  however  much  they 
were  subjected  to  nocuous  stimuli. 

Here,  again,  the  vocalization  was  of  a  type  suggesting  that  habit 
formed  an  important  factor,  but  in  this  case  the  sound  occurred  as  an 
isolated  phenomenon,  and  was  not  repeated  in  a  reflex  and  automatic 
manner  as  was  purring. 

Cat  III  was  peculiar  in  that  it  gave  this  growling  sound  on  the  first 
day  and  no  more  sounds  till  the  sixth  day,  when  it  made  a  sound  some- 
where between  a  growl  and  a  mew  while  having  its  temperature  taken 
with  a  rectal  thermometer,  at  the  same  time  making  kicking  move- 
ments which  have  been  described  already.  The  insertion  of  a  rectal 
thermometer  was  an  occurrence  which  was  often  repeated,  and  yet  only 
evoked  this  reaction  once,  and  the  same  animal  on  the  seventh  day  gave 
a  series  of  ten  loud  and  well  co-ordinated  mews  when  being  turned  on 
its  mattress — another  response  which  it  could  never  be  persuaded  to 
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repeat.  At  the  end  of  the  seventh  day  it  died — the  exact  cause  being 
uncertain. 

An  indefinite  cry  somewhat  similar  to  a  mew  has  been  observed 
in  five  animals,  of  which  cats  II,  III,  X  and  XXI,  supply  instances. 
In  the  other  instance  the  sound  occurred  once  on  putting  the  animal 
into  the  bath  on  the  first  day  ;  in  this  animal  the  section  was 
anterior,  from  the  anterior  end  of  the  coUiculi  to  15  mm.  in  front 
of  the  pons,  though  operated  on  by  the  later  method.  In  the 
case  of  this  sound  repetition  was  occasionally  seen,  but  it  could 
never  be  reproduced  consistently  as  could  purring.  This  cry  is 
probably  similar  to  the  cry  made  by  an  animal  under  an  ansesthetic, 
and  which  Sherrington  [oo]  [66]  has  described  as  occurring  also  in 
decerebrate  animals  while  anaesthetized.  A  normal  mew  was  only 
observed  twice — in  cat  III,  as  described  above,  and  in  cat  XIX,  of 
which  details  have  been  already  given.  In  neither  case  was  the  mewing 
repeated,  nor  could  it  be  produced  by  subjecting  the  preparations  to 
nocuous  stimuli. 

One  preparation  must  now  be  briefly  described  to  give  a  clearer 
picture  of  the  mode  of  occurrence  of  pseudaffective  responses  in 
general : — 

Animal  XXI. — Long-haired  male ;  weight  2'5  kilos.  (For  post-mortem 
see  p.  246).  Decerebrated  by  older  method.  Had  good  rigidity  one  hour  after 
operation,  but  no  good  sitting  posture  adopted.  No  movements  made.  Head 
kept  to  the  left.  On  putting  into  bath  two  hours  after  operation  and  blowing 
into  ear  when  it  lay  on  right  side,  left  pinna  retracted,  head  raised  to  left 
and  slight  low  growling  sound  made.  On  third  day  rigidity  good,  some 
doubtful  pricking  of  ears  to  sounds.  On  fourth  day  began  to  kick  a  lot  when 
turned.  On  sixth  day  respiratory  rate  irregular— about  30  i^er  minute — 
quickening  when  the  animal  was  touched.  For  the  first  time  showed  apparent 
objection  to  swallowing  of  stomach  tube.  On  eighth  day  apparent  objection 
to  cleansing  of  eyes  and  mouth.  Considerable  kicking  movements  when 
turned,  running  movements  when  rectal  thermometer  inserted.  While  having 
eyes  cleansed  twice  made  an  indefinite  cry.  Mastication  reflexes  good — 
chewed  and  swallowed  piece  of  meat  put  into  very  front  of  mouth,  but  on 
repeating  spat  second  piece  out.  On  twelfth  day  made  movements  of 
resistance  against  any  interference  with  the  position  of  its  head.  On 
thirteenth  day  respiratory  rate  raised  after  turning  (apparently  as  the  result 
of  reaction  to  handling)  to  36,  to  drop  to  24  on  leaving  the  preparation 
undisturbed. 

The  condition  remained  as  above,  but  without  any  more  sounds  being  made 
till  the  beginning  of  the  twenty-second  day,  when  the  rigidity  became  less  and 
the  reflexes  duller,  the  animal  dying  at  the  end  of  the  day. 
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(.7)   Spo)ita7ieous  Movements. 

Spontaneous  movements  in  the  form  of  progression  as  well  as  move- 
ments of  the  pseudalYective  and  defence  type  have  already  been 
described,  and  it  is  clear  that  a  distinction  must  be  drawn  between  the 
progression  movements  and  pseudaffective  responses  found  after  a 
section  through  the  inferior  colliculi  to  just  in  front  of  the  pons  and 
those  seen  when  the  section  was  1  to  8  mm.  more  anterior,  especially 
on  the  ventral  aspect  of  the  brain-stem.  In  the  former,  the  pseud- 
affective responses  usually  developed  only  after  two  to  four  days,  and 
though  they  gradually  became  more  active  (e.g.,  cat  II),  they  were 
never  violent.  In  the  latter  (as  in  cat  XIX)  these  movements  were 
seen  soon  after  operation  and  were  nmch  more  violent. 

Nothing  can  be  added  to  the  description  of  this  second  type  of 
animal  already  given  by  Woodworth  and  Sherrington,  except  to  draw 
attention  to  the  exceptional  case  with  vocalization  (cat  XIX)  already 
described,  and  to  note  that  on  two  occasions  such  animals  have  raised 
themselves  from  a  lying  to  a  standing  posture  in  the  incubator  and  have 
been  found  leaning  upright  against  the  side  of  the  incubator.  Three 
animals  may  be  briefly  described. 

Animal  XXII. — Female.  Decerebrated  by  older  technique.  Nystagmus  to 
right  and  jerky  movements  of  head  to  right  immediately  after  operation.  One 
hour  later  found  standing  in  incubator,  leaning  against  side  and  attempting 
progression.  It  died  shortly  after  this.  The  section  was  anterior  to  the 
superior  colliculi  and  7  mm.  above  the  pons  ventrally  with  many  small  punctate 
haemorrhages  in  the  mid-brain  above  the  level  of  the  middle  of  the  posterior 
colliculi.  There  was  a  considerable  amount  of  blood-clot  lying  around  the 
cerebellum  and  medulla. 

With  this  animal  may  be  compared  another  (XXIII)  in  which  the 
section,  though  low  posteriorly,  was  anterior  on  the  ventral  aspect,  and 
one  (XXIV)  anterior  both  on  the  dorsal  and  ventral  aspects. 

Animal  XXIII. — Adult  male.  Post-mortem,  see  p.  248,  and  figs.  22  and  23. 
Decerebrated  by  older  technique.  Rigidity  good.  On  second  day  on  cleansing 
the  mouth  with  carbolic  it  kicked  violently  and  moved  al^out  a  great  deal. 
The  respiratory  rate  remained  a])0ut  19  to  28  during  "  life  "  ;  it  was  constantly 
making  progression  movements  spontaneously,  but  only  kicked  violently  when 
touched.     Died  on  sixth  day. 

Animal  XXIV. — Female.  Decerebrated  by  older  teclmique.  Three-quarters 
of  an  hour  after  opei'ation  found  standing  in  incubator  leaning  against  the  side 
with  its  head  down  biting  the  wire  netting  floor.  It  was  making  violent 
kicking  movements.      It  was  taken  out  of  incubator  and   then  remained  quiet. 
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but  showed  auditory  reflexes.  After  another  forty-five  minutes  it  was  put  into 
the  bath,  when  it  again  had  a  paroxysm  of  most  violent  movements.  It  died 
about  four  hours  after  operation.  The  section  passed  through  the  superior 
eolhcuh  and  was  4  to  6  mm.  in  front  of  the  pons  ventrally.  There  were  three 
small  punctate  haemorrhages  in  the  mid-brain  just  below  the  posterior  colliculi, 
and  consideral)le  subtentorial  haemorrhage  extending  around  the  cerebellum 
and  medulla  and  some  way  down  the  cord. 

The  movements  in  these  anterior  sections  recur  m  paroxysms  every 
fifteen  to  forty-five  minutes,  the  intervals  being  shortened  if  the  animals 
are  exposed  to  stimuli  such  as  touches,  shakes  or  sounds.  On  the  other 
hand,  immediately  after  such  a  paroxysm  there  is  a  refractory  quiescent 
interval,  and  in  such  an  interval  an  animal  of  this  type  will  lie  quietly 
passive  in  a  condition  of  simple  decerebrate  rigidity  while  a  wound  is 
stitched,  although  fifteen  minutes  later  it  may  react  with  the  utmost 
violence  to  a  slight  stimulus  such  as  a  jar  or  sound.  Here,  again,  there 
is  no  evidence  at  all  of  any  conscious  sensation  or  emotion. 

In  these  animals  the  movements  usually  resulted  in  reactionary 
haemorrhage  and  it  has  never  been  found  possible  to  preserve  them  for 
more  than  a  few  hours.  A  contributory  factor  to  their  death  may  well 
have  been  the  respiratory  irregularities  described  by  Macleod  [34], 
though  in  our  animals  movements  were  so  active  and  general  that  it 
was  not  possible  to  judge  whether  there  was  any  hyperpnoea  other 
than  that  secondar}^  to  the  exercise. 

Slight  vomiting  just  before  death  was  in  these  a  common  occur- 
rence. 

Of  other  movements  that  have  been  observed  two  are  worthy  of 
notice.  One  has  been  described  in  cat  II — an  apparent  attempt  to 
reach  a  sore  spot  on  its  skin  with  its  fore-paws,  and  the  other  was 
a  complex  scratch  movement  made  by  cat  XIII,  which  four  hours 
after  operation  curled  itself  up  into  a  flexed  position,  although  it 
had  good  extensor  rigidity,  and  made  (almost  completely)  the  move- 
ment used  by  a  cat  when  scratching  the  back  of  its  neck  with  one  of 
its  hind  limbs. 

It  is  noticeable  that  violent  movements  and  vocalization  were  only 
seen  in  one  animal  out  of  twenty-seven  operated  on  by  the  later  tech- 
nique. In  the  latter  technique  the  section  had  a  different  obliquity,  pass- 
ing usually  from  just  in  front  of  the  corpora  quadrigemina  to  just  heloic 
the  anterior  border  of  the  pons,  and  in  the  one  exception  where  violent 
pseudaffective  .movements  were  made  soon  after  operation  and  where 
an  indefinite  cry  was  also  made,  the  section  had  passed  just  in  front  of 
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the  superior  colliculi  to  To  milUmrfreR  in  front  of  the  pons.  The  centres 
responsible  for  this  reaction  therefore  probably  lie  nearer  the  ventral 
than  the  dorsal  side  of  the  brain-stem,  since  it  is  the  level  of  the  section 
on  the  ventral  aspect  that  makes  the  most  difference  (contrast  however 
cat  XXIII).  And  yet  the  animals  operated  on  by  the  later  method 
showed  the  other  more  common  pseudaffective  responses  and  were 
very  liable  to  make  progression  movements,  in  spite  of  the  different 
obliquity  of  the  section. 

(//)   Acoustic  Bcfiexes. 

Acoustic  reflexes  have  been  described  in  the  case  of  animal  II  and  a 
similar  lifting  of  the  head  to  the  left  was  also  seen  in  cat  III,  com- 
mencing about  two  hours  after  operation,  and  seme  such  reflex  was  also 
present  in  YI,  IX,  XIV,  XVIII,  XIX,  XXI  and  XXIV  of  the  animals 
so  far  described  and  also  in  animal  XXVI  to  be  described  later.  No 
doubt  the  other  acoustic  reflexes  described  by  Forbes  and  Sherrington 
[14],  such  as  wagging  of  the  tail  in  response  to  high  notes,  may  have 
occurred  in  many  of  the  animals,  but  their  position  in  the  bath  was 
not  favourable  to  its  observation  and  it  was  only  noticed  in  a  few 
animals.  Movement  of  the  head  and  of  the  fore-limbs  was  observed  in 
many  animals  and  was  usually  particularly  noticeable,  as  in  animal  II, 
in  those  cases  where  the  rigidity  of  the  neck  muscles  was  uneven  so 
that  the  head  tended  to  go  to  one  side  or  the  other.  Apparently  the 
stimulus  increased  the  rigidity,  and  this  being  uneven,  movement  of 
the  head  resulted.  In  no  case  did  an  animal  raise  its  head  to  sounds 
regardless  of  the  ])osition  it  was  lying  in ;  invariably  the  head  was  only 
moved  to  one  side  or  the  other. 

The  auditory  reflexes  became  usually  much  more  brisk  after  two  or 
three  days,  and  might  often  be  seen  at  this  stage  when  there  had  been 
no  sign  of  them  earlier,  so  that  their  absence  could  not  be  presumed 
unless  the  preparation  had  survived  at  least  three  or  four  days. 

The  greater  reaction  to  high  notes,  resembling  the  roof-cries  of  cats, 
noticed  by  Forbes  and  Sherrington,  was  often  confirmed  ;  on  the  other 
hand,  in  many  animals  the  most  effective  sound  was  a  small  scratching 
noise,  and  an  animal  would  often  react  promptly  by  raising  its  head  if  a 
piece  of  paper  was  crumpled  up  at  a  distance  of  one  or  two  yards- 
These  sounds  are  similar  to  those  made  by  a  mouse.  One  reaction 
to  sounds  sometimes  observed  was  the  extrusion  of  the  claws  in  the  fore- 
limbs,  which  may  perhaps  be  a  guide  to  the  nature  of  the  reflex. 
Animals   would   react   to  these  slight  noises  even  though  there  was  a 
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constant  loud  noise  from  the  motor  and  stirrers,  to  which  no  reaction 
was  shown  except  when  it  was  started  after  an  interval  of  rest.  It  is 
worth  noting  that  in  the  older  technique  a  reaction  to  sounds  was  noted 
in  most  animals  where  the  section  passed  in  front  of  the  inferioi- 
colliculi  to  about  '2  mm.  in  front  of  the  pons,  but  even  so  not  in  all,  and 
that  it  was  seen  in  one  in  which  the  section  commenced  in  the  noddle  of 
the  inferior  colliculi  and  passed  to  the  same  level.  It  was  never  seen  in 
sections  by  the  later  method  with  a  different  plane  of  section,  if  this 
passed  from  the  anterior  end  of  the  superior  colliculi  to  the  anterior  end 
of  the  pons,  but  was  seen  in  one  case  where  the  section  passed  from  just 
in  front  of  the  superior  colliculi  to  I'o  mm.  in  front  of  the  pons,  in  the 
animal  which  has  been  referred  to  as  having  spontaneous  violent  move- 
ments and  vocalization.  It  would  appear  therefore  that  here  too  the 
level  of  the  section  ventrally  makes  more  difference  than  the  level  of  the 
section  dorsally,  and  that  the  highest  link  in  the  chain  for  this  reflex 
may  be  nearer  the  ventral  than  the  dorsal  part  of  the  brain-stem. 

On  the  other  hand,  in  cat  XXIII  (see  figs.  22  and  23  and  p.  248),  no 
auditory  reflex  was  observed,  though  the  section  was  anterioi-  on  the 
ventral  aspect. 

■    (/)  Nt/sfa(j)nus. 

Spontaneous  nystagmus  was  seen  in  several  preparations,  but  usually 
in  the  first  few  hours  only  after  operation,  and  probably  as  the  result  of 
irritative  effects  of  hgemorrhage. 

In  animal  XXII  already  described  there  was  a  jerky  movement  of 
the  head  to  the  right  accompanied  by  nystagmus,  which  was  kept  up 
spontaneously  during  the  few  hours  of  life. 

Two  animals  may  be  briefly  described. 

Animal  XXV. — Adult  male.  Decerebrated  by  earlier  method.  Two  and 
a-half  hours  after  operation  had  extreme  rigidity  and  made  running  movements 
when  touched.  Five  hours  after  operation  had  paroxysms  of  violent  fighting 
movements,  claws  extended,  springing  movements  also  made.  General  appear- 
ance of  anger,  but  all  movements  incoordinate.  Several  paroxysms  at 
about  fifteen-minute  intervals.  Pinna  reflexes  brisk.  No  definite  auditory 
reflexes.  Just  before  the  attacks  there  was  some  increase  in  the  already 
very  great  rigidity,  with  some  retraction  of  the  head,  which  was  also  bent  to 
the  left.  With  this  tliere  was  nystagmus  to  the  left  and  jerky  movements  of 
the  head  to  the  left,  present  to  a  slight  extent  all  the  time,  but  exaggerated 
with  the  commencement  of  a  paroxysm.  Animal  died  in  the  niglit,  vomiting 
slightly  before  death.  The  section  passed  in  front  of  right  superior  colliculus 
and   through   the   middle   of  the  left  superior   colliculus    dorsally    to  emerge 
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3  mm.  in  front  of  the  pons  on  the  litilit  and  1  mm.  in  front  of  it  on  the  left. 
There  was  no  sifjn  of  liiomorrhage  into  the  stump  of  the  brain-stem  but  a  clot 
about  the  size  of  three  peas  was  lying  over  the  stuni])  above  tlie  tentorium. 
No  detailed  examination  was  made. 

Animal  XXVI.— Female.  Post-mortem,  seep.  249.  Decerebrated  by  earlier 
technique.  Good  rigidity,  head  to  left,  good  reflexes,  lifts  head  to  left  to 
noises  on  tirst  day.     No  nystagmus. 

On  second  day  head  lifted  to  left  in  reaction  to  sounds  and  this  accom- 
panied by  nystagmus  to  left. 

On  third  day  respiration  very  fast.  Reflexes  very  sluggisli  and  almost 
absent.  Some  convulsive  movements  of  the  legs,  but  no  eye  movements. 
Died  during  the  night. 

The  nystagmus  when  seen  was  of  a  usual  type  with  rapid  and 
slow  components,  but  the  animal  described  above  and  animal  IX  which 
developed  nystagmus  on  the  ninth  day  when  meningitis  occurred  were 
the  only  ones  where  it  has  been  observed,  except  in  the  first  few  hours 
after  operation. 

0)   Glycosuria. 

It  has  been  suggested  by  J.  Mellanby  [41]  that  there  is  a  centre  in 
the  brain  above  the  medulla  which  controls  sugar  metabolism,  this 
theory  having  been  built  up  on  the  prolonged  glycosuria  which  follows 
decerebration  as  compared  with  that  seen  after  decapitation.  But 
Mellanby's  decerebrate  preparations  were  made  by  Langley's  [29] 
starch  injection  method,  so  that  nothing  definite  was  known  of  the 
real  level  of  the  lesion,  nor  of  the  changes  resulting  in  the  pituitary. 
At  the  same  time  the  glycosuria  observed  was  only  investigated  over  a 
matter  of  a  few  houi-s  after  operation.  We  can,  however,  amply 
confirm  the  long  duration  of  glycosuria  found  by  Mellanby  after 
decerebration ;  thus  in  one  animal  urine  obtained  by  catheterization 
from  the  bladder  twenty-four  hours  after  decerebration  still  contained 
quantities  of  sugar. 

On  the  other  hand,  the  glycosuria  does  not  continue  indefinitely. 
Thus  the  urine  of  cat  VIII  contained  no  sugar  on  the  third  day ;  in 
another  animal  (XV)  urine  voided  forty-seven  hours  after  operation 
contained  no  sugar.  This  animal  had  previously  voided  faeces  and 
urine  about  thirty  hours  after  operation  ;  so  it  appeared  to  have  ceased 
to  secrete  sugar,  at  any  rate  after  thirty  hours.  In  no  case  has  any 
glycosuria  been  observed  after  the  second  day — though  observations  on 
this  question  have  only  been  possible  in  preparations  kept  in  the 
incubator.     Nor  does  it  appear  possible  that  the  glycosuria  ceases  as 
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the  result  of  loss  of  glycogen.  In  cat  V  urine  collected  on  the  sixth 
day  showed  no  sign  of  sugar,  and  yet  when  the  animal  was  killed 
shortly  afterwards  the  liver  gave  a  normal  glycogen  reaction  with 
iodine.  In  cat  XXI,  urine  taken  from  the  bladder  after  death  con- 
tained no  sugar,  but  the  liver  was  not  normal. 

The  theory  put  forward  l)y  Mellanby  does  not,  therefore,  explain 
the  facts — though  the  more  prolonged  glycosuria  compared  with  that 
of  the  decapitate  preparation  certainly  requires  some  explanation. 
Further,  experiments  on  this  point  are  planned  for  the  near  future. 
The  glycosuria  we  have  observed  occurs  even  when  the  body  tempera- 
ture has  been  subnormal  for  quite  a  short  while,  and  we  do  not  think 
that  it  is  to  be  explained  as  merely  secondary  to  a  fall  in  body  tempera- 
ture as  is  suggested  by  the  experiments  of  Morita  [44]  on  rabbits : 
nor  do  we  find,  as  he  did,  that  it  ends  usually  only  en  exhaustion  of  the 
liver  glycogen. 

Chapter  IV. — Unilateral  Decerebration. 

A  series  of  semi-decerebrations  as  chronic  experiments  was  under- 
taken on  the  suggestion  of  Professor  Sherrington,  in  order  to  study 
the  resultant  decerebrate  rigidity.  Seventeen  cats  were  operated  upon 
of  which  four  died  at  once  from  haemorrhage  or  accidents  of  anaes- 
thesia. The  remaining  thirteen  experiments  are  not  sufficient  to 
answer  many  of  the  questions  that  prompted  the  undertaking,  and 
further  work  has  been  planned  along  the  same  line.  It  seems  worth 
while,  however,  to  include  here  a  brief  description  of  the  semi- 
decerebrate  preparations  for  the  sake  of  comparison  with  the  results 
of  complete  decerebration. 

Operative  Technique. 

Cats  were  used 'under  chloroform  or  chloroform  and  ether  anaesthesia 
bv  the  open  method.  A  small  mid-line  incision  was  made  in  the  neck 
and  the  right  carotid  tied.  The  left  carotid  and  vertebrals  were  con- 
trolled at  the  proper  time  as  in  the  bilateral  operation.  The  skin  and 
muscle  were  reflected  from  the  right  side  of  the  head.  The  underlying 
skull  was  quickly  removed  so  as  to  expose  the  right  cerebral  hemis- 
phere. The  dura  was  reflected.  Then,  with  the  arterial  supply  shut 
off,  the  operator  passed  a  fiat  bone  spatula  (a  propeily  shaped  salt- 
spoon)  over  the  top  of  the  right  cerebral  hemisphere,  until  it  touched  the 
falx,  and  swept  it  downwards  to  the  tentorium  and  outwards,  carrying 
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away  all  of  the  hemisphere  except  the  frontal  pole,  which  could  be 
quickly  scraped  out.  A  part  of  the  inferior  coUiculus  was  usually 
thus  left  intact.  This  was  reflected  forward  from  the  surface  of  the 
cerebellum  and  removed  by  a  bent  bistoury,  together  with  any  of 
the  mid-brain  that  may  have  remained  ventrally  above  the  top  of  the 
pons.  The  cavity  was  quickly  filled  with  cotton  wool  in  hot  saline  and 
the  vertebral  arteries  released.  Bits  of  fresh  muscle  were  usually 
necessary  to  arrest  all  bleeding  before  the  left  carotid  artery  was 
released.  The  cavity  was  filled  with  physiological  saline  before  closure. 
In  six  of  the  experiments  the  cavity  was  filled  with  a  melted 
paraffin-vaseline  mixture  after  removal  of  the  hemisphere.  One  of 
these  animals  lived  only  eleven  hours,  and  four  died  on  the  day 
following  operation.  Three  of  the  animals  became  dull  and  vomited 
just  before  death.  Compression  beneath  the  wax  was  suspected,  and 
when  the  sixth  animal  became  dull  two  days  after  operation  the  wound 
was  opened  and  the  paraffin  removed.  There  was  a  gush  of  fluid  from 
beneath  showing  increased  pressure.  The  animal  improved  temporarily, 
but  died  on  the  day  following  from  broncho-pneumonia.  Examination 
of  the  brains  where  the  dead  space  was  filled  with  saline,  as  described 
above,  showed  a  varying  amount  of  swelling  of  the  remaining  hemis- 
phere across  the  mid-line.  The  animals  whose  cranial  cavities  were 
filled  with  normal  saline  rather  than  wax  lived  to  between  two  and  forty- 
two  days  after  operation.  The  conclusion  is  evident :  that  swelling  of 
the  remaining  brain  tissue  against  the  wax  was  sufficient  to  cause  fatal 
comi)ression  of  the  lower  centres. 

It  was  found  advisable  to  suspend  the  more  active  animals  in  a 
hammock  provided  with  slits  for  the  legs  to  come  through. 

The  removal,  which  was  always  on  the  right  side,  extended  in  each 
case  down  to  the  mid-brain.  Two  types  of  removal  were  made :  (1) 
anterior,  where  the  decerebration  passed  above  the  inferior  colliculus, 
leaving  a  varying  amount  of  superior  colliculus  intact  and  most  of  the 
mid-brain  ventrally  (in  this  type  the  red  nucleus  was  not  molested)  ; 
(2)  a  posterior  removal  where  the  section  passed  from  behind  the 
inferior  colliculus  dorsally,  to  the  anterior  margin  of  the  pons  ventrally. 
In  this  type  one  red  nucleus  was  removed.  Post-mortem  examination 
showed  that  the  removal  followed  the  median  sagittal  plane  with  sur- 
prising accuracy,  except  for  the  fact  that  in  two  cases  the  spatula  passed 
about  2  mm.  to  the  right  of  this  plane,  leaving  that  thickness  of  mid- 
brain and  thalamus,  and  in  several  cases  a  very  small  amount  of  the 
left  thalamus  or  mid-brain  was  removed. 
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Forced  Movements  and  Attitude  of  Head. 

The  animal's  head  was  usually  held  to  the  left  at  the  close  of  the 
operation,  and  in  every  case  eventually.  This  attitude  depended  on 
rotation  of  the  occiput  downward  and  to  the  left,  so  that  the  chin  was 
up  on  the  opposite  side  and  the  neck  bent  to  the  left.  The  displace- 
ment therefore  consisted  of  retraction  of  the  neck  and  clockwise  rota- 
tion of  the  head  on  the  shoulders,  the  head  being  carried  to  the  left 
away  from  the  side  of  removal.  Those  that  were  able  to  walk  fell  to 
the  left  or  walked  around  in  a  circle  to  the  left.  If  the  animal  was 
laid  on  its  right  side  it  raised  its  head  up  to  the  left  and,  pushing  with 
the  right  fore  limb,  rolled  about  the  cage.  When  lying  on  the  left 
side  the  preparation  frequently  lay  quietly  but  pressed  the  occiput 
against  the  floor.  These  attitudes  were  eventually  assumed  in  every 
case  (except  that  in  two  animals  no  note  was  made  of  any  forced  circus 
movements).  In  all  of  the  anterior  sections,  as  described  above,  and 
in  the  one  posterior  section  where  about  2  mm.  thickness  of  the  mesial 
portion  of  the  mid-brain  and  thalamus  were  left  intact,  the  animals 
turned  their  heads  first  to  the  right  on  recovering  from  the  anaesthetic. 
Within  one  to  five  hours  in  each  case  this  movement  was  reversed  and 
the  typical  movement  of  the  head  to  the  left  appeared,  associated  with 
forced  movements  to  that  side.  The  short  duration  of  this  preliminary 
turning  to  the  right  in  the  anterior  section  cases  before  reversal  sug- 
gests that  some  structure  is  spared  by  the  anterior  or  lateral  removal, 
which  is  stimulated  by  traumatic  irritation,  but  later  becomes  paralysed 
or  unable  to  cope  with  a  contrary  tonic  influence. 

After  the  effects  of  stimulation  had  passed  off,  the  head  was  held 
constantly  in  a  position  similar  to  what  has  been  termed  the  cerebellar 
attitude.  In  lesions  of  one  side  of  the  cerebellum,  the  occiput  is  said 
to  turn  in  that  direction  and  the  head  to  be  retracted  to  the  side  of  the 
lesion.  In  semi-sections  of  the  mid-brain,  at  either  a  high  or  a  low  level, 
the  movement  is  aicay  from  the  lesion.  This  was  a  constant  finding  in 
these  experiments.  It  may  be  explained  perhaps  by  the  fact  that  one 
side  of  the  cerebellum  is  in  close  anatomical  relation  with  the  other 
side  of  the  mid-brain.  Muskens  [45]  has  made  extended  observations 
on  the  effect  of  lesions  con^ned  to  the  posterior  longitudinal  bundle. 
Circus  and  rolling  movements  followed  such  injuries.  It  is  difficult  to 
make  explicit  applications  of  his  results  to  the  movements  described 
here  however. 
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Tlic   Side  of  Permanent    E.rfensor   ]il</i(lif!/. 

Sherrington  noted  in  1S9S  [54],  working  with  acute  experiments, 
that  unilateral  decerebration  through  the  mid-brain  was  followed  less 
regularly  by  decerebrate  rigidity  than  complete  sections  of  the  brain- 
stem. It  appeared  most  often  on  the  same  side  as  the  decerebration 
and  was  occasionally  observed  to  subside  and  reappear.  He  noted  in  a 
monkey  and  in  cats  that  after  right  semi-decerebration,  the  right  limbs 
were  held  in  tonic  extension,  the  tail  incurvated  to  the  right  with  the 
concavity  to  the  right.  The  head  was  turned  to  the  right  and  retracted. 
The  left  fore  limb  and  knee  were  distinctly  more  flexed  than  would  be 
expected  in  paralysed  limbs.  Thiele  [57],  in  acute  experiments,  like- 
wise noted  ipsilateral  rigidity  after  semi-section  of  the  mid-brain,  and 
that  if  the  section  were  more  anterior,  through  the  superior  colliculi, 
the  rigidity  tended  to  become  ('o/?('rr/ -lateral,  only  a  little  remaining  on 
the  ipsilateral  side. 

The  chronic  experiments  described  below  show  that  some  of  the 
above  post-operative  reactions  are  reversed  after  an  initial  stage  of 
stimulation. 

In  the  following  experiment,  No.  PI,  after  removal  of  the  riglit  hemisphere 
down  to  the  mid-brain,  the  preparation  was  suspended  in  a  hammock  in  erect 
position  with  legs  passing  through  hammock  holes.  The  animal's  liead  was 
at  once  turned  to  the  right  and  there  was  extensor  rigidity  in  all  four  limbs. 
There  was  slow  nystagmus  with  the  quick  component  to  the  right.  At  intervals 
there  were  spasms  of  running  movements  during  which  periods  the  nystagmus 
became  more  rapid.  The  rigidity  of  tlie  left  limbs  became  progressively  less 
marked  until  two  and  a  half  hours  after  the  close  of  the  operation,  when  the 
right  fore  and  hind  limbs  were  found  to  be  still  in  tonic  extension  sufficient  to 
support  the  weight  of  the  body.  Both  left  limbs,  however,  tended  to  assume  a 
flexed  posture  and  were  lield  thus  a  little  rigidly.  The  spontaneous  nystagmus 
had  disappeared.  At  intervals  spasms  came  on  resembling  those  mentioned 
above,  except  that  now  the  right  hmbs  ran  and  the  left  limbs  became  still  more 
fiexed,  especially  the  foi-e  limb.  At  these  times  the  eyes  opened,  the  head 
turned  to  the  right,  and  there  reappeared  a  very  small  amount  of  nystagmus 
to  the  right.  Left  pupil  widely  dilated,  right  pupil  less  so.  Eectal  tempera- 
ture 37  •"  C. 

Four  and  a  half  hours  after  operation — head  was  now  turned  constantly  to 
left. 

Twenty-four  Jioiirs  after  operation — head  to  left  and  body,  including  tail, 
■curved  with  the  concavity  to  the  left.  Extensor  rigidity  marked  on  right  side. 
Left  limbs  held  in  tonic  flexion  so  as  to  resist  passive  extension.  Occasional 
•clawing  spasms,  at  which  times  the  head  was  retracted.     The  preparation  was 
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taken  from  the  hammock  and  it  swallowed  some  milk  which  was  poured  into 
its  mouth. 

Three  days  after  operation  there  had  occurred  a  surprising  change.  The 
extensor  rigidity  was  now  in  the  left  limhs.  When  suspended  in  the  hammock 
and  quiet,  the  right  limbs  maintained  a  flexed  position.  It  was  not  possible 
to  say  whether  there  was  any  flexor  tonus  however,  as  the  right  limbs  were 
now  voluntarily  snatched  away  when  touched  and  were  used  to  scratch  the 
observer's  hand  whenever  he  attempted  to  administer  food.  The  left  limbs 
were  never  used  in  this  way.  When  placed  on  the  floor  the  animal  walked 
slowly  in  a  circle  to  the  left,  reeling  and  falling  to  the  left.  The  head  was  still 
held  to  the  left  and  the  jaw  tightly  clenched.  The  pupils  were  now  equal. 
Temperature  38°  C.     Late  the  same  night  condition  unchanged. 

Four  days  after  operation.  The  front  end  of  hammock  had  fallen,  so  that 
the  animal's  head  hung  almost  straight  down.     Animal  dead. 

Post-mortem  :  A  subdural  liaemorrhage  was  found  extending  over  the  left 
hemisphere,  under  the  base  of  tlie  brain  and  down  the  cord  to  the  upper  dorsal 
region.  Some  of  the  haemorrhage  appeared  to  be  more  recent  than  other  parts. 
The  operative  removal  extended  back  to  the  middle  of  the  inferior  colliculus 
but  had  not  quite  come  to  the  mid-line,  so  that  2  mm.  of  the  mesial  part  of 
the  mid-brain  and  3  to  4  mm.  thickness  of  the  posterior  part  of  the  right 
thalamus  were  spared.  A  very  thin  slice  of  the  mesial  part  of  the  frontal  lobe 
was  likewise  spared.  Interrupted  serial  sections  were  cut  of  the  whole  left 
hemisphere,  mid-brain,  pons,  and  medulla.  There  was  no  area  of  destruction 
or  softening. 

It  seems  probable  that  the  behaviour  of  the  cat  immediately  following 
the  operation  was  due  to  stimulation  w'hich  gradually  subsided  during 
the  succeeding  two  days.  During  that  time  various  reactions  disap- 
peared or  were  replaced  by  opposite  reactions.  The  early  rhythmic 
intensification  of  these  reactions  also  suggests  a  response  to  irritation, 
i.e.,  clawing  or  running  spasms  associated  with  nystagmus  to  the  right, 
head  turning  to  the  right  and  increase  in  the  left-sided  flexor  rigidity. 
The  spontaneous  nystagmus  disappeared  a  few  hours  after  operation. 
The  head,  which  had  been  first  thrust  to  the  right,  came  later  to  the 
mid-position  and  shortly  aftei wards  was  turned  to  the  opposite  side,  to 
remain  constantly  in  this  typical  position  with  corresponding  curving 
of  the  body  to  the  left.  The  occasional  spasms  of  running  movements 
continued  for  two  days.  At  the  end  of  that  time  the  flexor  rigidity  of 
the  left  limbs  disappeared  and  was  replaced  by  extensor  rigidity  ;  while 
the  extensor  rigidity  disappeared  on  the  right  side  to  be  replaced  by 
the  position  of  flexion  in  the  right  limbs  when  at  rest. 

The  unusually  long  duration  of  the  signs  of  stimulation  may  possibly 
be  explained  by  the  evidence  of  older  haemorrhage  at  autopsy,  which 
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had  not  been  enough  to  cause  compression  until  the  accident  which 
led  to  the  animal's  death. 

Shortly  after  operation  this  animal  resembled  those  described  by 
Sherrington  in  acute  experiments.  Extensor  rigidity  was  present  on 
the  same  side  as  the  decerebration,  but  after  the  irritation  stage  had 
passed  ofif  it  was  on  the  contralateral  side.  The  same  was  true  of  all 
other  animals  where  the  section  passed  through  the  anterior  part  of  the 
mid-brain.  Extensor  rigidity  appeared  on  the  contralateral  side  either 
at  once  or  after  a  preliminary  stage  of  flexor  rigidity. 

Variations  after  Posterior  Semidecerehration. 

On  the  other  hand,  when  the  level  of  removal  was  through  the 
lower  mesencephalon  or  junction  of  the  mesencephalon  and  pons,  the 
results  were  less  constant  and  subject  to  less  symmetrical  variations. 
For  example,  take  the  following  experiments  : — 

P2.  The  removal  was  of  the  posterior  type.  Bilateral-extensor  rigidity 
developed  on  the  first  day.  On  the  second  day  a  varying  degree  of  flexor 
rigidity  of  the  left  fore-limb  appeared,  with  extensor  rigidity  of  the  other  three 
limbs. 

Experiment  P3  showed,  one  hour  after  operation,  extensor  rigidity  of  the 
left  fore-limb,  the  other  limbs  being  fiaccid.  At  the  end  of  five  hours  the  left 
fore-limb  showed  flexor  rigidity,  the  other  three  extensor  rigidity. 

Experiment  P4.  Bilateral-extensor  rigidity  with  considerable  retraction 
of  head  associated  with  the  usual  turning  to  the  left. 

Experiment  P5.  A  more  detailed  account  of  this  animal  is  given  on 
page  234,  but  it  may  be  noted  here  that  on  the  day  of  the  operation  there  was 
bilateral  rigidity.  This  was  followed  by  some  variation  and  then  for  several 
days,  when  not  moving  about,  the  fore-limbs  were  held  in  rigid  flexion,  the 
head  held  to  the  left  and  the  neck  flexed  sharply  on  the  fore-paws,  while  both 
hind-limbs  went  into  tonic  extension.  This  was  followed  by  weeks  of  activity 
associated  with  a  variable  amount  of  extensor  tone  in  the  left  fore  and  hind 
limbs. 

This  variation  in  the  tone  of  the  flexor  and  extensor  systems  in 
posterior  removals  suggests  that  some  structure  responsible  for  pre- 
serving a  symmetrical  tone  pattern  has  been  injured. 

Flexor  Rigidity. 

After  more  anterior  semi-decerebrations,  the  post-operative  pattern 
was  tonic-extension  in  the  limbs  on  one  side  and  tonic-flexion  in  those 
of  the  other.     In  certain  cases,  e.g.,  PI,  the  extensor  rigidity  appeared 
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first  on  the  ipsilateral  side  with  fiexor  rigidity  on  the  other  side.  This 
was,  however,  shortly  reversed. 

It  may  be  suggested  in  unilateral  removal,  after  all  stimulation 
effect  has  passed  off,  that  control  has  been  removed  from  some  structure 
whose  unantagonized  action  produces  tonic-extensor  rigidity  in  the 
contralateral  limbs  and  tonic-flexo?-  rigidity  on  the  ipsilateral  side. 
When  the  decerebration  is  bilateral  the  flexor  element  usually  disappears 
and  is  superseded  by  extensor  rigidity  on  both  sides.  But,  as  is  shown 
elsewhere  in  this  paper  (Exps.  Ill  and  IV,  p.  199),  even  in  the  com- 
plete decerebration  experiments,  tonic-flexion  occasionally  replaces 
tonic  extension. 

Thiele  [57]  and  Graham  Brown  [9]  found  that  electrical  stimula- 
tion of  one  side  of  the  mesencephalon  in  the  region  of  the  red  nucleus 
produced  ipsilateral  flexion  and  contralateral  extension.  The  latter 
observed  that  there  was  an  after-discharge  following  cessation  of  stimu- 
lation. It  is  difi3cult  to  be  certain  exactly  what  tract  is  stimulated  by 
these  workers.  Bilateral  stimulation  produces  bilateral  extension. 
Their  work  indicates  that  there  are  structures  in  the  mid-brain,  pos- 
sibly the  red  nuclei,  which  take  part  in  the  control  of  posture.  (Also 
Magnus  [40].)  It  is  not  necessary,  nor  possible,  to  identify  this 
postural  mechanism  with  that  responsible  for  flexor  or  extensor 
rigidity. 

One  of  the  conclusions  that  may  be  drawn  from  these  chronic 
preparations  is  that  there  is  a  mechanism  by  means  of  which  there 
may  be  induced  increase  of  tone  in  flexor  muscles  at  the  expense  of 
tone  in  the  muscles  of  the  extensor  surfaces.  This  flexor  rigidity 
tends  to  alternate  with  extensor  rigidity,  appearing  frequently  in  the 
limbs  of  the  side  opposite  to  that  in  which  extensor  rigidity  occurs. 

Wilson  [63]  describes  decerebrate  attitudes  in  clinical  cases  asso- 
ciated with  mesencephalic  lesions.  In  his  fig.  13,  p.  247,  the  child  has 
assumed  a  position  resembling  the  attitude  of  unilateral  decerebrate 
rigidity,  with  arm  and  leg  of  one  side  extended,  as  the  author  points 
out.  It  is  interesting  to  note,  however,  that  in  addition  the  limbs  of 
the  opposite  side  are  held  in  a  sharply  flexed  attitude. 

Eye  Changes. 

In  every  case  where  the  corneal  reflex  was  examined  it  was  present 
on  both  sides.  There  was  some  variation,  but  the  right  pupil  was 
dilated  in  the  great  majority  of  cases.     This  was  most  noticeable  on  the 


234  ORIGINAL    ARTICLES   AND    CLINICAL   CASES 

first  day  after  operation.  Nystagmus  was  observed  only  in  one  experi- 
ment. This  was  in  PI,  see  p.  230,  and  passed  off  with  other  evidences  of 
stimulation.  The  quick  phase  was  toward  the  side  to  which  the  head 
was  turned. 

Temperature  Control. 

Most  of  the  animals  preserved  some  power  of  temperature  control 
if  not  exposed  to  extremes.  In  three  experiments  there  was  no  evi- 
dence of  control  whatever,  the  temperature  falling  to  between  34°5  C- 
and  24^5  C.  Those  animals  which  survived  longest  maintained  a 
normal  teujperature.  In  experiment  P5  it  was  noted  in  a  cold 
room  that  the  animal  shivered  equally  in  the  limbs  of  the  two  sides. 
In  this  animal  the  removal  extended  down  to  the  anterior  end  of  the 
pons  and  was  carried  well  over  to  the  mid-line.  Eemoving  the  other 
half  of  the  brain  at  the  same  level  would  have  put  an  end  to  shivering 
(see  p.  205). 

Experiment  P5  was  described  in  part  above,  but  as  the  animal  lived 
forty-five  days  before  being  sacrificed,  a  brief  account  of  the  post-opera- 
tive behaviour  may  be  added. 

The  right  side  of  the  brain  was  removed  up  to  the  mid-line  and  down  to  a 
level  below  tlie  inferior  colliculus.  The  cavity  was  filled  with  saline.  After 
the  operation  the  right  pupil  was  found  to  be  dilated,  the  left  contracted,  both 
corneal  reflexes  present.  For  two  days  there  was  liilateval  extensor  rigidity 
which  became  variable.  The  animal  was  examined  by  Dr.  Henry  Head  and 
Dr.  Riddoch,  who  called  attention  to  the  fact  that  when  it  lay  on  the  left  side 
the  left  fore-limb  was  held  in  tonic  flexion  with  claws  extruded,  and  that  ten 
minutes  after  turning  over  on  to  the  right  side  the  right  fore-limb  assumed  the 
flexed  attitude.  This  was  not  a  constant  finding  at  later  examinations.  The 
head  was  consistently  turned  to  the  left  and  the  body  and  tail  curved  with 
concavity  to  the  left.  Milk  was  swallowed  when  placed  on  the  back  of  the 
tongue  with  a  tube.  The  animal  clawed  with  right  paws  only.  On  the  thiixl 
day  the  fore-limbs  were  flexed  sharply  and  paws  crossed  with  the  head  bent 
down  upon  them  and  with  occiput  a  little  to  the  left.  Both  hind  limbs  were 
extended  strongly  most  of  tlie  time.  When  disturbed  there  resulted  spitting 
and  clawing  or  purring  appropriately.  This  continued  for  four  or  five  days  with 
gradually  increasing  activity.  During  the  first  week  the  temperature  fluctuated 
between  40°  C.  and  37°8  C.  After  this  the  temperature  settled  down  to 
normal,  about  38^6  C. 

Between  one  month  and  six  weeks  after  operation  the  following  notes  were 
made.  The  cat  had  gained  in  weight.  The  head  was  rotated  still,  with  occiput 
to  the  left  and  chin  to  the  right,  the  neck,  body  and  tail  being  curved  with  the 
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Fig.  6. — Experiment  P5.  Six  weeks  after  complete  removal  of  right  side  of  brain, 
including  mesencephalon.  Tail  curved  to  left,  left  legs  extended,  toes  of  left  hind  paws 
fanned,  both  fore  paws  rotated  with  pads  a  little  towards  the  risht.  All  of  these  attitudes 
are  characteristic,  as  well  as  the  rotation  of  the  liead  on  the  shoulders. 


Fig.  7.— Same  animal  as  fig.  6. 
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concavity  to  the  left  (see  figs.  6  and  7).  AVlien  not  lying  quietly,  the  animal 
walked  around  in  a  circle  to  the  left.  She  purred  frequently  and  growled  or 
spat  occasionally.  Even  when  restless  from  hunger,  she  never  discovered  meat 
or  milk  placed  before  her  unless  her  nose  was  pushed  down  into  it,  resembling 
Goltz's  dog  in  this  respect.  After  she  realized  what  it  was,  she  ate  or  drank 
almost  normally  until  satisfied. 

Cranial  nerves  :  She  gave  no  evidence  of  smeUing  food  from  any  distance 
but  may  have  done  so  at  close  range.  She  was  blind,  bumping  into  objects 
frequently  or  walking  off  the  edge  of  a  board  unawares.  Her  eye  grounds 
were  examined  by  Mr.  Leslie  Paton,  who  made  the  following  note  :  Right  optic 
disc  chocolate  colour  with  a  sharply  defined  ring  of  very  glistening  green  around 
it.  Vessels  normal  in  calibre.  Upper  part  of  fundus  shows  a  little  speckling 
of  green  passing  down  to  a  deeper  gieen  in  the  lower  part.  Left  optic  disc 
much  the  same  as  the  right.  The  eye  movements  were  examined  by  Dr. 
Gordon  Holmes.  The  external  ocular  movements  were  normal  and  the 
range  to  either  side  seemed  to  be  full.  The  right  pupil  did  not  react  either 
directly  or  consensually  to  light,  while  the  left  pupil  contracted  to  light  in 
either  eye.  The  right  pupil  did  contract  with  some  movements  of  the  eyes, 
however.  Also,  tickling  the  nose  or  blowing  into  the  eye  caused  very  definite 
conti-action  of  the  right  pupil.  Reaction  to  pin  prick  and  corneal  reflex  indi- 
cated intact  fifth  nerve  on  both  sides.  Hearing  was  acute  and  sounds  were 
well  localized.     All  other  cranial  nerves  appeared  normal. 

Extremities :  Thei^e  was  considerable  variation  but  on  the  whole  there 
tended  to  be  tonic  extension  of  the  limbs  of  the  left  side  (the  opposite  side  to 
the  removal).  When  suspended,  the  left  limbs  were  extended  and  the  hind 
toes  fanned  (see  fig.  6).  The  left  fore-paw  was  inverted  and  the  right  fore-paw 
everted.     The  knee  jerks  varied  but  the  left  was  usually  the  more  brisk. 

Sensation  :  Pinprick  was  resented  equally  on  the  two  sides.  Touching  the 
hair  on  the  right  side  produced  a  reaction.  The  same  stimulus  on  the  left 
flank  was  ignored. 

Heat  control :   Shivered  symmetrically  when  in  a  cold  room. 

Gait :  The  right  fore-foot  took  a  longer  step  than  the  left  and  the  foot  was 
raised  higher.  She  turned  in  a  large  circle  to  the  left.  Occasionally  she 
stepped  on  the  dorsum  instead  of  the  plantar  aspect  of  the  left  fore  or  hind 
paw,  and  the  left  hind-paw  at  times  interfered  with  the  fore-paw.  When 
excited,  she  walked  about  in  a  very  small  circle.  It  was  noted  by  Dr.  S.  A.  K. 
Wilson  that  the  left  fore-foot  was  advanced  at  each  step  with  a  tremor  of  the 
paw.     At  times  she  stumbled  to  the  left. 

Aflfective  reactions  :  She  puired  when  stroked  or  after  feeding,  growled 
when  eating  meat,  and  occasionally  spat  and  scratched.  When  another  cat 
was  brought  near  her,  no  notice  was  taken  until  the  visitor  mewed.  Then  P5 
growled  and  became  suddenly  rigid  as  though  listening.  After  a  little  time  she 
started  toward  the  visitor  who  was  moving  softly,  and  continued  until  her  nose 
bumped  into  the  visitor.  Then  Po  leaped  back  and  stood  with  all  hair  raised 
■on  back  and  tail.     The  visitor  moved  away  and  at  that  moment  P5  struck  out 
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as   though  to    attack   her,   spitting.     The  visiting  cat  was   removed   and  P5 
walked  around  very  rapidly  in  a  small  circle. 

Six  weeks  after  the  operation,  the  animal  in  excellent  physical  condition 
was  sacrificed  under  ether-anaesthesia.  Post-mortem  examination  showed  the 
right  side  of  the  brain  to  have  been  thoroughly  removed  up  to  the  mid-line. 
Several  shreds  of  what  may  have  been  cortical  tissue  were  left.  These  were 
not  connected  with  the  brain-stem.  The  right  thalamus  and  mid-brain  were 
removed  down  to  a  plane  which  passed  through  the  anterior  margin  of  the  pons 
ventrally,  and  just  behind  the  inferior  colliculus  dorsally.  A  complete  micro- 
scopical report  could  be  made  as  an  unfortunate  accident  destroyed  most  of 
the  material  while  it  was  being  prepared. 


Chapter  V. — Microscopical  Anatomy  of  Specimens. 
(a)  Development  of  the  Mid-Brain. 

In  lower  vertebrates  (e.g.,  fishes)  the  mid-brain  is  a  centre  of  great 
importance,  controlling  the  individual  response  to  environment.  With 
the  development  of  the  optic  thalamus  and  the  geniculate  bodies 
(reptiles)  the  importance  of  the  mid-brain  for  co-ordinating  visual 
stimuli  is  decreased,  and  in  man  with  the  elaboration  of  the  visual 
cortex  the  anterior  corpora  quadrigemina  of  the  mid-brain  become  rudi- 
ments. There  is  likewise  a  forward  displacement  of  the  sensory  centres 
to  the  ventral  part  of  the  thalamus,  which  continues  to  develop  along 
with  the  sensory  cortex.  The  auditory  paths  move  out  from  the  mid- 
brain to  the  internal  geniculate  body  and  auditory  cortex.  The  mid- 
brain has  therefore  a  progressively  decreasing  functional  importance 
proportionally  during  phylogenetic  development. 

Microscopically  the  red  nucleus  of  a  lower  vertebrate  is  composed 
of  large  cells  of  motor  type  from  which  arise  the  rubrospinal  tracts. 
Higher  in  the  phylogenetic  scale  there  appear  smaller  cells  in  the  red 
nucleus  and,  as  von  Monakow  [43]  has  pointed  out.  it  is  possible  to 
distinguish  an  orally  placed  group  of  smaller  cells,  the  nucleus  parvi- 
cellularis  of  Hatschek  [19]  or  chief  nucleus,  from  the  more  caudal  giant 
cells,  or  nucleus  magnocellularis.  The  small-celled  nucleus  develops 
pari  passu  with  the  thalamus  and  cerebral  cortex  and  is  connected 
with  them.  In  anthropoids  and  man  this  nucleus  of  small  cells  makes 
up  the  major  part  of  the  red  nucleus,  while  the  giant-celled  part  has 
become  very  small  and,  as  a  result,  the  rubrospinal  tract  has  greatly 
diminished  in  volume.  Nevertheless,  because  of  the  great  increase  in 
size  of  the  small  cell  part,  the  red  nucleus  of  man  is  almost  twice  as 
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large  as  that  of  the  cat  in  proportion  to  the  vertical  diameter  of  the 
mid-brain  of  each  species  [43]. 

(b)   Anatomy  of  the  Mid-Brain. 

The  anatomy  of  the  mid-brain  of  a  cat  may  be  quickly  reviewed  by 
reference  to  fig.  8,  which  is  a  drawing  from  a  lateral  longitudinal 
section  through  a  cat's  brain.  It  will  be  seen  that  a  section  through 
the  mid-brain  may  leave  or  remove  according  to  its  level  a  number  of 


Fig.  8.- -Sagittal  section  of  cat's  brain  a  few  millimetres  from  the  median  plane, 
drawn  from  two  adjacent  sections,  one  stained  by  Loyez's  htematoxylin  method  and 
the  other  by  Nissl's  method.  This  as  well  as  all  the  other  microscopical  drawings 
was  made  with  the  help  of  an  Edinger  Drawing  Apparatus  kindly  loaned  by  Dr.  Gordon 
Holmes.  Diagrams  in  succeeding  figures  are  taken  from  this  drawing  reduced  to  natural 
size.  CO.,  corpus  callosum  ;  N.C.,  nucleus  caudatus  ;  A.C.,  anterior  commissure;  F., 
fornix;  Th.,  thalamus;  M.Th.,  mamillo-thalamic  tract  or  bundle  of  Vicq  d'Azyr  ;  S.G. , 
superior  colliculus  ;  I.C.,  inferior  coUiculus ;  N.R..  nucleus  ruber;  N.P.,  nuclei  pontis ; 
III,  root  of  III  nerve  ;  G  VII,  genu  of  VII  nerve  ;  VI,  nucleus  and  root  of  VI  nerve  :  VIII, 
dorsal  nucleus  of  VIII  nerve;  XII,  nucleus  of  XII  nerve;  V.Q.,  fourth  ventricle;  I.A.F., 
internal  arcuate  fibres  splitting  XII  nucleus. 


structures,  the  anterior  and  posterior  corpora  quadrigemina,  the  third 
and  fourth  cranial  nerve  nuclei,  the  whole  of  the  tegmentum,  the  red 
nucleus,  t^c.  The  red  nucleus  is  circumscribed  by  a  felt-work  of  fibres. 
The  caudal  two-thirds  of  the  nucleus  is  made  up  of  giant  cells  as 
indicated.     The  oral  one-third  only  is  made  up  of  small  cells. 

According  to  Hatschek,  this  phylogenetically  younger  nucleus  parvi- 
cellularis  is  in  relation  with  the  nucleus  dentatus  of  the  cerebellum, 
while   the   older    nucleus    magnocellularis    is   interposed    between    the 
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cerebellar  nucleus  globosus  and  emboliformis  above  and  the  descending 
rubrospinal  tract.  He  concludes  that  this  close  anatomical  relationship 
of  the  nucleus  magnocellularis  with  the  cerebellum  and  Monakow's 
bundle  constitutes  the  primitive  path  of  nerve  impulses  for  automatic 
movements.  Other  tracts  converge  on  the  red  nucleus.  Von  Monakow 
describes  a  fronto-rubro-tegmental  pathway.  The  fibres  thus  indicated 
arise  in  the  frontal  cortex  and  pass  down  via  the  red  nucleus  to  the 
tegmentum  of  the  mid-brain  and  formatio  reticularis  of  the  pons,  from 
where  they  are  supposed  to  send  a  relay  to  the  spinal  cord.  Wilson  [62] 
has  shown  that  there  is  a  considerable  tract  of  fibres  from  the  globus 
pallidus  which  passes  across  Corel's  field  to  the  anterior  capsule  of  the 
red  nucleus.  The  principal  red  nucleus  efferents  are  the  rubrospinal 
tracts  of  Monakow  which  cross  the  mid-line  in  the  fountain  decussation 
of  Forel.  This  tract  arises  wholly  in  the  giant  cells,  according  to 
Cajal  [10] .  Von  Monakow  describes  some  fibres  as  coming  from  the 
cells  of  medium  size.  Certainly  the  tract  arises  chiefly  from  the  nucleus 
magnocellularis,  and  comparative  anatomical  studies  show  that  this 
part  of  the  red  nucleus  varies  directly  in  size  with  that  of  the  tract  in 
most  animals,  and  both  are  small  in  man.  Efferent  fibres  of  importance 
also  pass  from  the  red  nucleus  to  the  tegmentum  and  formatio 
reticularis,   as   well   as   to   the  thalamus  and  frontal  cortex. 

Because  of  its  venerable  phylogenetic  history  and  its  wide  anatomical 
connections,  the  red  nucleus  has  been  rather  heavily  burdened  with 
theoretical  functions.  It  is  therefore  of  importance  to  note  carefully 
the  state  of  preservation  of  this  nucleus  in  the  experimental  animals. 

(c)   Results  of  Anatomical  Examination} 

Animal  I. — Death  on  the  eighteenth  day  after  decerebration.  Post- 
mortem performed  about  thirty  minutes  after  death,  immediately  after 
removal  from  bath.  Along  the  scalp  incision  there  was  an  area  of 
superficial  cellulitis.  No  evidence  of  intracranial  tension.  A  lump  of 
wax  filled  the  cranial  cavity  conforming  to  its  outline.  On  removing 
the  wax  a  thin  layer  of  pus  was  found  beneath  it.  The  brain-stem 
and  spinal  cord  were  removed  and  placed  in  formol.  See  photographs 
of  brain-stem,  figs.  9  and  10.  Incision  A — B,  fig.  9,  corresponds  to 
line  A— C,  fig.   11. 

'  lu  a  uuml)erof  experiments  the  preparations  died  and  remained  in  the  warm  bath  long 
enough  for  the  brain-stem  to  become  soft.  In  such  cases  no  microscopic  examination  was 
possible. 
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Fig.  9-  Experiment  I.     Photograph  of  brain-stem  taken  from  above  the  cerebellum. 
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Fig.  10. — Experiment  I.     Lateral  view  of  brain-stem  showing  the  temporal  pole  which 

was  not  removed. 
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The  only  remaining  portion  of  the  cerebral  cortex  was  a  small  part 
of  the  right  temporal  lobe  which  was  attached  to  the  brain-stem  by  a 
thin  piece  of  nervous  tissue  overlying  the  infundibulum.  Thus  the 
pituitary  and  probably  its  blood-supply  were  preserved.  All  of  the 
basal  ganglia  were  removed  above  line  A — B,  fig.  11.    A  little  below  the 


Fig.  11. — Experiment  I.  All  of  the  tissue  above  line  A — B  was  removed.  A  second 
incision  at  line  A — G  was  almost  complete  as  indicated.  Dotted  area  repre.sents  extent  of 
softening  on  riglit  side. 


Softening 

Haemorrogc 

Fig  12.- — Experiment  I.  Drawing  made  with  the  aid  of  an  Edinger  apparatus,  from  a 
section  stained  by  Loyez's  ha?mittoxylin  method  for  the  fibre  tracts.  The  cell  groups 
indicated  by  small  triangles  were  added  from  the  next  section  in  the  .series  stained  by  Nissl's 
method.  The  large  area  of  softening  has  an  outer  part  filled  with  compound  granular 
corpuscles  and  an  inner  area  which  contained  no  cellular  elements.  N.R.D.,  nucleus  of 
descending  or  mesencephalic  root  of  V  nerve  ;  Br.C,  brachium  conjunctivum  ;  T.R.S., 
rubro-spinal  tract  :  L.M.,  medial  lemniscus;  T.Py.,  pyramidal  tract. 


level  of  the  tentorium  was  an  incision  A — C,  almost  entirely  severing  the 
brain-stem.  It  began  dorsally  just  behind  the  inferior  colliculus  and 
passed  ventrally  on  a  plane  just  caudal  to  the  anterior  end  of  the  pons, 
but  did  not  quite  completely  sever  the  cerebral  peduncles.  This  inci- 
sion had  severed  the  right  fifth  nerve  close  to  the  pons. 
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After  fixation,  block  1,  including  the  tissue  above  and  below  incision 
A — C,  and  block  II,  just  below  this,  were  cut  in  series  and  alternate 
sections  were  mounted  and  stained  by  Nissl's  method  and  by  Loyez's 
hapmatoxylin  method.  The  latter  method  demonstrates  the  tracts 
clearly.  The  rest  of  the  central  nervous  system  was  stained  by  the 
Marchi  method  for  degenerated  fibres,  and  cut  and  mounted  in  series. 

Microscopical  examination  shows  that  the  red  nuclei  are  present  in 
the  segment  of  nervous  tissue  above  the  mcision  A — C.  All  of  the  giant 
cells  in  both  nuclei  show  marked  chromatolysis,  although  the  medium 
and  small  sized  cells  were  for  the  most  part  normal.  This  indicates 
that  the  descending  fibres  of  Monakow's  bundle  had  been  severed. 
Immediately  below  the  incision  A — C  was  an  area  of  softening  occupying 
practically  the  whole  of  the  right  half  of  the  upper  pons,  as  shown  by 
the  heavily  dotted  area  in  fig.  11,  and  passing  across  the  mid-line 
dorsally.  This  area  (see  fig.  12)  was  separated  by  a  line  of  haemorrhage 
from  the  normal  tissue  of  the  left  side.  Even  had  the  descending  red 
nucleus  fibres  of  this  side  not  been  severed  by  the  incision  A — C,  they 
would  have  been  destroyed  in  this  area  of  softening.  There  was  no 
evidence  of  encephalitis  anywhere  within  the  nervous  tissue.  The 
softening  was  evidently  the  result  of  haemorrhage  at  the  time  of  opera- 
tion. If  the  experiment  had  been  acute  instead  of  chronic,  it  is  quite 
possible  that  this  area  would  have  been  passed  as  normal,  although  it 
was  doubtless  functionally  inactive  from  the  start. 

The  cerebellum  was  normal  and  it  should  be  noted  that  although 
there  was,  of  course,  interruption  of  the  tract  connecting  cerebellum 
with  red  nucleus  and  thalamus,  the  ventral  spino-cerebellar  tract  of 
Oowers  was  intact  and  showed  no  degeneration.  There  were  degener- 
ated fibres  in  the  middle  cerebellar  peduncles,  as  would  be  expected 
from  the  injury  to  the  nuclei  pontis,  and  there  were  a  few  degeneration 
granules  in  the  restiform  body.     Vestibular  nuclei  were  intact. 

The  Marchi  sections  beginning  in  the  pons  and  passing  downwards 
showed  degeneration  as  follows.  (Refer  to  drawings,  figs.  IH,  14,  15, 
16,  17,  18  ;  black  dots  indicate  degenerated  tracts.) 

(1)  The  pyramidal  tracts  show  rather  fine  degeneration-granules. 
It  was  noted  that  immediately  below  the  pons  degenerated  fibres  came 
off  from  the  pyramidal  tracts,  decussated  at  once  and  passed  outward 
among  the  fibres  of  the  trapezoid  body  (fig.  14).  They  could  not  be 
definitely  traced  beyond  the  superior  olivary  nucleus  and  the  medial 
trapezoid  nucleus.  Below  the  corpus  trapezoidium  also,  the  decussa- 
tion  of  these  pyramidal  fibres  continued.     Their  ultimate  destination 
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Fig.  13. — Experiment  I.  Section  prepared  by  Marchi's  method  to  show  degenerated 
fibres.  The  area  of  softening  described  above  (fig.  12)  is  represented  at  this  level  only  by 
a  small  area  beneath  the  fourth  ventricle.  T.R.S.,  rubro-spinal  tract;  N.T.,  nucleu.s  of 
trigeminal  nerve  ;  T.V.S.C,  ventral  spino-cerebellar  tract. 


T.R.S. 
N.O.S. 

N.T.M. 


Pig.  14.— Experiment  I.  Marcbi  stain.  Degenerated  fibres  may  be  seen  to  decussate 
«n  the  mid-line  and  pass  outward  in  the  trapezoid  body  as  far  as  the  medial  nucleus.  N  D., 
Deiters'  nucleus;  T.R.S. ,  rubro-spinal  tract ;  N.O.S. ,  nucleus  of  the  superior  olive  •  N  T  M  ' 
medial  nucleus  of  the  trapezoid  body,  ' 
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Fig.  15.— Experiment  I.  Marchi  stain.  S.R.T.,  sensory  root  of  trigeminal  nerve; 
degenerated  fibres  due  to  section  of  the  nerve  ;  N.  A.,  nucleus  ambiguus ;  T.R.S.,  rubro-spinal 
tract;  N.O.I. ,  inferior  oiive. 
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PL.B.J.T.S. 


Fig.  16. — Experiment  I.  Marchi  preparation.  The  degeneration  granules  of  the 
decussating  pyramidal  fibres  are  finer  than  those  of  the  rubro-spinal  tract.  It  is  no  longer 
possible  to  distinguish  tecto-spinal  tract  from  posterior  longitudinal  bundle.  Py. ,  pyramidal 
tract;  Py.C,  crossed  pyramidal  tract;  T.R.S.,  rubro-spinal  tract;  D.Py.,  decussation  of 
the  pyramids  ;  P.L.B.  &  T.S.,  posterior  longitudinal  bundle  and  tecto-spinal  tracts. 


Py.«.T.R.S. 


PL.B.&T.S. 


Fig.  17. — Experiment  1.  Spinal  cord  at  the 
level  of  5th  cervical  segment.  Py.  &  T.R.S. ,  pyra- 
midal and  rubro-spinal  tracts;  P.L.B.  &  T.S.,  pos- 
terior longitudinal  bundle  and  tectospinal  tracts. 


Fig.  18.— Experiment  I. 
Section  from  6th  lumbar 
spinal  segment.  Degenerated 
fibres  persist  in  both  ventral 
and  lateral  columns. 
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could  not  be  determined  except  that  there  seemed  to  be  an  increase  in 
the  number  of  scattered  degeneration-granules  in  the  formatio  reticu- 
laris. In  a  personal  communication  ])r.  Gordon  Holmes  has  suggested 
that  these  fibres  may  be  cortico-bulbar.  Further  study  of  this  tract 
is  projected  with  several  other  possibilities  in  mmd. 

(2)  Posterior  longitudinal  bundle  presented  in  the  pons  a  sprinkling 
of  coarse  granules  near  the  mid-line.  At  the  top  of  the  medulla  they 
are  displaced  ventrally  by  the  bundles  of  entering  fibres  from  the  vesti- 
bular system.  These  degenerated  fibres  pass  downwards  into  the 
ventral  columns  of  the  spinal  cord,  together  with  the  fibres  of  the 
predorsal  bundle  from  which  they  cannot  be  distinguished. 

(H)  Predorsal  fibres  (presumably  tecto-spinal)  pass  downward  from 
the  highest  section,  on  either  side  of  the  raphe,  only  distinguishable 
from  the  degenerating  fibres  in  the  posterior  longitudinal  bundle  by 
their  more  ventral  location  and  their  denser  grouping.  In  the  cord 
they  are  indistinguishable  from  the  posterior  longitudinal  bundle  fibres 
with  which  they  enter  the  ventral  columns  where  degeneration- 
granules  are  easily  followed  as  far  as  the  lower  lumbar  segments 
(figs.  17,  18). 

(4)  The  descending  motor  fibres  or  mesencephalic  root  of  the 
V-nerve  were  found  degenerated  from  beneath  the  lateral  limits  of 
the  fourth  ventricle  to  the  middle  of  the  pons,  where  they  turned  and 
passed  through  the  chief  sensory  nucleus  of  the  V,  just  lateral  to  the 
rubrospinal  tract,  and  joined  the  trunk  of  the  V-nerve.  The  sensory 
root  of  the  V  was  completely  degenerated  on  the  right,  due  to  section 
of  the  nerve  at  the  base  of  the  skull,  and  the  degenerated  fibres  could 
be  followed  downward  in  the  spinal  root  of  the  Y.  There  was  also  a 
small  group  of  degenerated  descending  fibres  in  the  spinal  root  of  the 
left  V-nerve. 

(5)  The  descending  fibres  of  the  rubrospinal  tract  were  replaced  by 
myelin  granules  about  equal  in  number  on  the  two  sides  and  differing 
from  the  pyramidal  fibre  granules  by  being  coarser  than  the  latter. 
At  the  level  of  the  superior  olive  the  rubrospinal  tract  has  moved 
ventrally  and  laterally  so  as  to  pass  in  a  band  around  the  lateral 
boundary  of  the  superior  olivary  nuclei  (fig.  14).  The  fibres  then 
enter  the  seventh  nucleus,  which  lies  immediately  below,  and  are 
sprinkled  out  among  the  cells  of  this  nucleus  and  its  caudal  continua- 
tion, the  nucleus  ambiguus  (fig.  15).  A  few  of  the  degenerated  fibres 
pass  dorsalwards  with  the  fibres  of  the  seventh  nerve-root  toward  the 
genu  of   that  nerve,  and  likewise  at  a  lower  level  with    the  dorsally 
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directed  motor  fibres  of  the  ninth  and  tenth  nerves  from  the  nucleus 
ambiguus  (fig.  15).  The  degenerated  tract  was  traced  directly  down 
to  its  characteristic  prepyramidal  position  in  the  cord. 

To  summarize  the  anatomical  findings  in  Experiment  1  :  There  was 
a  small  amount  of  pus  about  the  wax  in  the  cranial  cavity.  There 
was,  however,  no  encephalitis  of  the  brain-stem.  That  the  red  nuclei 
did  not  function  after  the  operation  is  shown  as  follows :  (1)  There 
was  chromatolysis  of  the  caudal  end  of  each  red  nucleus — the  nucleus 
magnocellularis.  (2)  The  incision  A — C  appeared  microscopically  to  have 
cut  across  Monakow's  bundle.  (3)  The  area  of  haemorrhagic  softening 
which  destroyed  the  whole  of  the  right  side  of  the  brain-stem  in  the 
upper  pons  likewise  destroyed  the  rubrospinal  tract  on  that  side 
(fig.  12).  (4)  There  is  a  heavy  degeneration  of  the  rubro-medullary 
and  rubrospinal  tracts,  shown  by  Marchi's  method,  about  equal  on  the 
two  sides.  It  is  possible  to  state  with  certainty,  therefore,  that  all 
of  the  mesencephalon  and  higher  centres  were  removed  or  without 
connection  with  the  rest  of  the  organism,  except  that  the  hypophjsis 
and  its  blood  supply  were  intact.  The  metencephalon,  except  for  the 
area  of  haemorrhagic  softening  in  the  upper  pons,  was  intact,  and  its 
neurones  capable  of  functioning,  as  demonstrated  by  Nissl  stains. 


Fiu.  19.— Experiment  XXI. 


Animal  XXI  (p.  221). — Death  on  the  twenty-second  day  after  de- 
cerebration.  Cause  of  death,  pneumonia,  and  intracranial  infection. 
The  decerebration  was  complete.  All  of  the  cerebrum  and  basal  ganglia 
were  removed,  the  line  of  decerebration  passing  through  the  middle 
of  the  inferior  colliculus  dorsally  to  1  mm.  above  the  upper  edge  of 
the  pons  ventrally.  (Line  A — B,  fig.  19).  Brain-stem  and  segments 
of  cord  were  stained  by  the  Marchi  method.  There  was  degeneration 
of  the  corticospinal,  rubrospinal,  and  tectospinal  tracts,  and  the 
posterior  longitudinal  bundle.  Degenerated  fibres  were  traced  into 
the  lowest  dorsal  segments  in  the  ventral  and  lateral  columns. 
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Animal  IT  (p.  195). — Death  on  the  twenty-third  day  after  decere- 
bration.  Cause  of  death,  accident  due  to  lively  running  movements. 
Lungs  showed  evidence  of  recent  broncho-pneumonia  in  recovery  stage. 
The  level  of  decerebration  was  more  anterior  than  in  the  last  one 
described,  passing  between  the  superior  and  inferior  colliculi  dorsally. 
The  section  was  slightly  oblique,  removing  more  tissue  on  the  left  than 
on  the  right.  No  note  was  made  of  the  level  ventrally,  but  Marchi 
sections  of  the  brain-stem  and  cord  showed  heavy  bilateral  degenera- 


T.R.S. 


Fig.  20.— Experimeut  II.     Marchi  preparation.    T.R.S.,  rubro-.spiual  tract ;  N.A. 

nucleus  ambiguus. 


Fig.  21.  — Experiment  IX. 


tion  of  the  rubrospinal  tract  in  addition  to  degeneration  of  the  other 
descending  tracts  (see  fig.  20).  Therefore,  most,  if  not  all,  of  the  red 
nucleus  must  have  been  removed.  Degenerated  tracts  were  followed 
down  into  the  lower  lumbar  segments  in  the  lateral  and  ventral 
columns. 

Animal  IX  (p.  203). — Death  on  the  eleventh  day  after  decerebration. 
Infected  haematoma  beneath  wax.  The  level  passed  through  the 
superior  colliculus  dorsally  and  just  in  front  of  the  emerging  fibres  of 
the    third    nerve    ventrally    (line  A — B,  fig.  21).     The    time    was    not 
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sufficient  to  provide  for  complete  defeneration,  but  there  were  a  few 
l)lack  granules  shown  by  the  Marchi  method  in  the  pyramidal  tract 
and  posterior  longitudinal  bundle,  and  also  the  rubrospinal  tract.  One 
may  assume,  therefore,  that  there  was  some  injury  to  the  red  nuclei, 
unless  some  of  the  fibres  of  Monakow's  bundle  have  a  higher  origin, 
e.g.,  thalamus,  as  claimed  by  Bechterew  [5]. 

Animal  XVII  (p.  218). — Death  nine  days  after  decerebration.  The 
level  was  between  the  superior  and  inferior  colliculi  dorsally.  No  note 
was  made  of  the  ventral  level  but  some  of  the  hippocampus  was  left  on 
the  right  side.  Microscopic  examination  by  the  Marchi  method  showed 
degeneration  in  all  the  chief  descending  tracts,  including  the  rubro- 
si)inal.  The  reaction  of  degeneration  was  incomplete,  doubtless  due  to 
the  short  time  which  had  elapsed  since  decerebration. 


Fig.  22. — Experiment  XXIII.     The  under-surface  of  the  remaining  mesencephalon  may 
be  seen  above  the  upper  margin  of  the  pons. 


Animal  XXIII  (p.  222). — Death  five  and  a  half  days  after  decere- 
bration. There  was  haematoma  beneath  the  wax  in  the  cranial  cavity. 
The  lungs  were  congested  and  there  was  exudate  in  the  bronchi.  The 
'decerebration  had  been  complete.  All  of  the  colliculi  had  been  removed 
and  some  of  the  tegmentum  caudal  to  the  inferior  colliculus.  Ventrally, 
i;he  level  of  incision  was  considerably  higher,  leaving  4  mm.  of  the  left 
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cerebral  peduncle  above  the  pons,  and  'i  mm.  of  the  right.  See- 
photograph  of  the  brain-stem,  taken  from  the  left  side  (fig.  22),  also 
schematic  representation  of  the  level  (fig.  23).  Microscopical  sections 
were  made  of  the  toj)  segments,  by  the  NissI  and  Loyez  methods. 
There  was  no  encephalitis.  The  red  nuclei  were  present,  at  least  in 
part,  and  may  have  been  functioning. 


Fig.  2.S.— Experiment  XXIII. 


Fig.  2-1. — Experiment  XXVI. 


Animal  XXVI  (p.  22(5). — Death  three  days  after  decerebration.  No 
cause  of  death  could  be  ascertained.  The  decerebration  was  oblique, 
the  level  indicated  in  fig.  24  by  the  line  A — B  for  the  left  side  and  the 
line  C — D  on  the  right  side.  Microscopical  examination  of  sections 
through  the  top  block  of  the  brain-stem  showed  more  of  the  red  nucleus 
present  on  the  right  than  the  left.  Most  of  the  cells  of  the  nucleus 
magnocellularis  showed  chromatolysis.  The  right  inferior  colliculus 
was  intact.     Part  of  the  left  inferior  colliculus  was  missing. 

Animal  VI  (p.  201). — Death  two  days  after  decerebration.  No  cause 
of  death  determined.  The  microscopical  level  of  decerebration,  which  was 
oblique,  is  shown  in  fig.  25,  by  the  line  A — B  for  the  leftside  and  C — D 


Fig.  25. — Experiment  VI. 

for  the  right  side.  Microscopical  sections  showed  a  circumscribed  area 
of  hjemorrhage  which  destroyed  most  of  the  left  red  nucleus  and  probably 
all.  The  cells  of  the  right  red  nucleus  were  present.  About  half  of  the 
large  cells  showed  chromatolysis,  the  rest  were  normal.  There  was  no 
infection.  Both  inferior  colliculi  were  normal  and  there  was  no 
interference  with  the  lateral  fillets. 
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Animal  IV  ip.  H)U). — Killed  on  the  sixth  day  aftei-  decerebration. 
There  was  evidence  of  beginning  broncho-pneumonia.  The  decere- 
bration was  complete  except  for  a  piece  of  the  left  crus,  which  was 
attached  to  the  pons  by  a  narrow  strip  of  tissue.  The  pituitary  was 
intact  with  its  blood  supply.  The  macroscopical  level  of  decerebration 
is  shown  by  line  A — B.  fig.  2().     Microscopically  the  whole  top  of  the 


Fig.  26.—  Experiment  IV. 

brain-stem  was  softened  and  infected,  except  the  narrow  strip  of 
pyramidal  fibres  where  the  piece  of  cerebral  peduncle  mentioned  above 
was  attached.  There  was  an  area  of  haemorrhage  in  the  right  proximal 
half  of  the  pons,  destroying  the  formatio  reticularis  here.  There  was 
no  encephalitis  in  the  deeper  segments  of  the  pons.  The  cells  of  the 
vestibular  nuclei  and  the  nuclei  of  Deiters  were  for  the  most  part 
normal,  but  large  cells  in  the  formatio  reticularis  (called  nucleus 
salivarius  superioris  by  Winkler  and  Potter  [64]  all  showed  chromatolysis, 
suggesting  that  their  axones  had  been  sectioned.  There  was  no 
evidence  of  red  nucleus  anywhere. 


Fig.  27 —Experiment  v.     Leftside. 


Fio.  28.— p:xpeiiment  V.     Right  side. 


Animal  Y  (p.  -200). — Killed  in  apparently  good  condition  on  the 
sixth  day  after  decerebration.  There  was  ophthalmia  of  the  right 
eye  and  the  right  V  nerve  was  damaged  near  its  exit  from  the 
pons.  The  level  of  decerebration  as  seen  microscopically  passed 
through  the  superior  colliculus  on  the  left  side  (A — B,  fig.  27) 
and    between    the    two    colliculi    on    the    right    side    (A — B,    fig.    28)' 
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Ventrally  it  came  below  the  upper  margin  of  the  pons,  but  there 
was  a  small  block  of  tissue  attached  by  some  of  the  fibres  of 
the  crura  cerebri  to  the  pons.  This  overlay  the  pituitary  whose 
blood  supply  was  apparently  intact.  There  was  a  considerable 
haemorrhage  extending  down  into  the  pons  and  causing  destruction  of 
almost  all  the  normal  tissue  indicated  in  the  dotted  areas  of  figs.  27  and 
28.  There  was  cuffing  of  the  vessels  with  polymorphs  showing  that 
there  was  some  encephalitis  of  the  superficial  areas  in  addition  to  the 
softening  due  to  haemorrhage.  Such  of  the  decussation  of  Meynert  and 
Forel  as  may  have  existed  was  completely  destroyed.  Careful  micro- 
scopical examination  showed  the  red  nuclei  removed  or  destroyed  by 
haemorrhage.  On  the  left  side  the  formatio  reticularis  was  destroyed  at 
least  as  far  down  as  the  middle  of  the  pons.  On  the  right  a  few  nerve 
cells  could  still  be  recognized  in  parts  of  the  upper  pons,  but  they  were 
not  normal  as  shown  by  Nissl  staining.  The  destruction  did  not  reach 
as  far  as  Deiters'  nucleus. 

In  this  case  it  is  certain  that  the  red  nucleus  on  both  sides  was 
completely  destroyed.  Much  of  the  inferior  colliculi  was  left  and 
microscopically  normal,  but  all  connection  of  these  centres  with  the  rest 
of  the  brain-stem  was  severed.  The  level  of  decerebration  is  in  reality 
the  middle  of  the  pons. 


Fig.   29.— Experiment  VII. 

Animal  VII  (p.  202). — Death  twenty-eight  hours  after  decerebration, 
due  to  hyperpyrexia  after  warming  before  stove.  No  evidence  of 
infection.  A  small  amount  of  isolated  brain  tissue  remained  over  the 
infundibulum.  Top  of  brain-stem  was  smooth,  symmetrical,  and 
convex  in  outline,  beginning  in  the  middle  of  the  inferior  colliculi 
dorsally  and  the  upper  border  of  the  pons  ventrally.  (Fig.  29,  line 
A— B)."^ 

To  microscopical  examination,  part  of  the  red  nucleus  was  present 
on  either  side  and  many  of  the  cells  were  normal.  Several  small  areas 
of  haemorrhage  extended  downward  a  few  millimetres.  The  pons  wa.-s 
otherwise  normal. 
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Animal  VIII  (p.  '203). — Death  on  the  seventh  day  after  decerebra- 
tion  due  apparently  to  secondary  haemorrhage  from  the  brain-stem. 
There  was  pus  and  blood-clot  between  the  wax  and  the  brain-stem. 
Progressive  microscopical  sections  showed  that  there  was  no  encepha- 
litis below  the  superficial  layers.  To  microscopic  examination  the 
level  of  decerebration  passed  between  the  superior  and  inferior  coUi- 
culi  on  the  right  and  through  the  middle  of  the  inferior  colliculus  on 
the  left,  to  end  at  the  upper  border  of  the  pons  ventrally.  See  figs.  30 
and  31.  A  small  amount  of  brain  matter  remained  above  the  infun- 
dibulum.  The  tissue  corresponding  to  the  dotted  areas  was  softened 
and  filled  with  compound  granular  corpuscles. 


Fig.  .30. —Experiment  VIII.     Right  side.        Fig.  31.— Experiment  VIII.     Leftside. 

There  was  no  remnant  of  red  nucleus  on  the  left  side  and  only  a 
few  cells  belonging  to  this  nucleus  remained  on  the  other  side.  The 
interpeduncular  ganglion  and  most  of  the  substantia  nigra  cells  were 
normal  as  well  as  the  pontile  nuclei.  Most  of  the  formatio  reticularis 
was  normal.  With  the  exception  of  a  small  proportion  of  the  cells 
of  the  right  red  nucleus,  the  level  of  decerebration  was  below  the 
mesencephalon. 


Chapter  VI. 

{a)  Decerebrate  Bigidity  in  Chronic  Exjierivients. 

Decerebrate  rigidity  was  first  mentioned  in  experimental  animals 
by  Sherrington  in  1896  [53].  He  described  it  as  a  "tonic  rigidity  in 
certain  groups  of  skeletal  muscles,  especially  those  in  the  dorsal  aspect 
of  the  neck,  tail,  and  of  the  extensor  surfaces  of  the  limbs."'  Decere- 
brate rigidity  in  animals  is,  then,  a  tonic  rigidity  of  the  anti-gravity 
muscles,  the  muscles  employed  in  maintaining  an  erect  posture. 

The  neurogenic  source  of  this  phenomenon  has  been  the  subject  of 
many  studies.     Hughlings  Jackson  [24]   had  suggested  that  the  cause 
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of  hemiplegic  rigidity  in  clinical  cases  was  due  to  the  "  unantagonized 
influence  of  the  cerebellum  "  .  .  .  "  after  the  influence  of  the  cerebrum 
is  taken  off."  Similarly,  the  decerebrate  rigidity  of  experimental 
animals  has  been  commonly  considered  a  release  phenomenon. 

It  has  been  maintained  that  the  red  nuclei  were  the  source  of  the 
rigidity  after  decerebration  through  the  mid-brain  or  after  a  lesion  to 
the  cerebellum.  The  intimate  connection  of  these  twin  nuclei  with 
cerebellum,  thalamus,  globus  pallidus,  and  spinal  cord  seems  to  fit  it 
for  such  a  function.  Moreover,  it  has  been  shown,  notably  by  Graham 
Brown  [9],  that  electrical  stimulation  of  the  red  nuclei  results  in  a 
postural  response  and  the  stimulation  is  followed  by  a  well  maintained 
after-discharge.  In  a  different  way,  Magnus  and  his  co-workers  have 
demonstrated  these  postural  movements  also.  They  have  described  a 
number  of  position  reflexes  which  may  be  seen  in  the  decerebrate 
animal.  Many  of  these  position  reflexes  take  place  only  if  the  mid-brain 
including  the  red  nucleus  be  present.  Others  continue  to  be  seen  after 
the  removal  of  the  mid-brain.  But  because  mid-brain  and  red  nucleus 
may  have  to  do  with  position  mechanisms,  as  indicated  above,  it  does 
not  necessarily  mean  that  they  are  indispensable  for  the  maintenance 
of  extensor  rigidity. 

The  experiments  reported  in  this  paper  prove  that  the  red  nuclei  are 
not  necessary  for  the  maintenance  of  decerebrate  rigidity.  Inasmuch 
as  the  animals  were  kept  for  long  periods  of  time  the  possibility  of 
irritation  effects  disappears.  The  rigidity  must  be  a  release  pheno- 
menon.    But  it  is  not  release  of  the  rubrospinal  tract. 

Careful  microscopical  examination,  as  described  above,  showed  for  example 
that  in  experiments  IV  and  V  there  was  no  red  nucleus  to  be  found.  In 
experiment  I,  cells  of  the  red  nucleus  were  found  in  a  block  of  tissue  which 
was  severed  from  the  brain-stem.  Below  this  the  area  through  which  the 
rubrospinal  tract  must  have  passed  was  completely  softened  and  helow  this 
there  was  heavy  degeneration  of  the  ridDrospinal  tracts.  In  other  experiments 
(as  II,  VIII,  XVII,  XXVI)  the  greater  part  of  the  red  nuclei  was  missing  and 
probably  the  remnant  was  not  functionally  active. 

In  experiment  I,  just  mentioned,  the  animal"  showed  extensor  rigidity 
during  the  early  days  following  operation,  and  at  times  this  rigidity  was  seen 
to  vary  in  intensity  during  an  examination.  On  the  twelfth  day  after  operation 
it  was  noted  that  the  right  hind-leg  was  rigid  in  flexion  while  the  other  limbs 
maintained  extensor  rigidity.  In  experiment  IV  there  was  extensor  rigidity  of 
moderate  intensity  on  the  first  two  days  after  operation.  During  the  next  two 
days  a  tendency  was  noted  to  assume  a  rigidly  flexed  attitude.  On  removal 
from  tb.e  bath  to  be  dried,  extreme  extensor  rigidity  appeared  with  retraction 
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of  the  head.  This  was  followeil  hy  a  short  period  of  tonic  flexion  ot  the  hiiil)s 
and  extrusion  of  the  fore-claws.  There  were  then  several  alternations  of  flexor 
and  extensor  rigidity. 

Animal  V  developed  extensor  rigidity  on  the  day  of  operation.  Next  day  it 
was  much  increased.  On  the  third  day  the  extensor  rigidity  was  marked, 
especially  after  the  animal  had  heen  handled  and  turned  in  the  hath.  The 
tone  was  probably  sufficient  to  support  the  weight  of  the  body  with  ease.  On 
the  sixth  day  the  animal  was  removed  from  the  bath  and  dried  in  the  incubator. 
During  the  drying  process  there  w^as  no  rigidity,  the  limbs  being  flaccid.  After 
this  one  of  the  nerves  was  dissected  out  for  a  stimulation  experiment.  During 
the  dissection  there  were  vigorous  movements,  micturition  and  the  develop- 
ment of  extreme  extensor  rigidity  which  was  maintained  durirfg  manipulation, 
but  lessened  when  the  animal  was  left  quiet  for  a  quarter  of  an  hour.  During 
further  dissection  extreme  rigidity  returned.  By  reference  to  p.  251  it  will  be 
seen  that  because  of  softening,  the  actual  level  of  decerebration  in  this  animal 
was  the  middle  of  the  pons.  Preparation  YIII  developed  a  considerable 
extensor  rigidity  in  all  four  limbs  immediately  after  operation.  On  the  fourth 
day  extreme  rigidity  was  noted  in  all  four  limbs,  but  after  the  preparation  was 
turned  from  the  right  to  the  left  side  tlie  right  fore-limb  went  into  tonic  flexion 
with  extrusion  of  claws.  Many  of  the  position  reflexes  described  by  Magnus 
were  later  elicited  in  this  preparation.     (See  p.  203.) 

It  is  unnecessary  to  multiply  examples.  Decerebrate  rigidity 
appears  even  though  the  red  nuclei  be  removed.  The  preparations 
with  high  decerebrations  acted  differently,  went  into  violent  running 
movements,  and  were  much  more  difficult  to  keep  alive  than  those  in 
which  the  removal  was  more  posterior.  There  was  perhaps  more 
variability  in  the  posterior  removals,  and  the  rigidity  is  frequently 
intensified  by  afferent  stimuli.  This  variability  was  noted  by  Cobb, 
Bailey,  and  Holtz  [11]  in  acute  preparations,  as  well  as  the  effect  of 
afferent  stimulation.  Magnus  [40]  concluded  that  to  remove  the  mid- 
brain resulted  in  the  loss  of  the  ability  to  bring  the  body  to  normal  from 
any  abnormal  position.  The  difference  in  the  behaviour  of  the  pre- 
paration according  to  the  level  of  decerebration  cannot  be  denied. 
Whether  or  not  there  is  any  difference  between  the  rigidity  of  the 
animals  with  and  those  without  red  nucleus,  as  suggested  by  Cobb, 
Bailey  and  Holtz,  must  be  decided  by  myographic  examination  of  the 
tonus  of  isolated  muscles.  To  less  refined  methods  of  examination  the 
rigidity  when  present  is  the  same  regardless  of  the  fate  of  the  red 
nuclei. 

In  a  number  of  the  complete  decerebration  experiments,  retraction 
of  the  head  amounting  to  opisthotonos  appeared  in  preparations  which 
at    the    same    time    showed    extreme  extensor  rigidity   and    this    was 
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frequently  spasmodic.  That  is,  head  retraction  appeared  periodically 
together  with  an  increase  in  extensor  rigidity.  It  seems  that  when 
extensor  rigidity  becomes  sufficiently  intense,  opisthotonos  usually 
appears  as  a  part  of  the  same  phenomenon,  as  Wilson  [63]  has 
suggested  for  tonic  fits  in  num. 

The  term  decerebrate  rigidity  is  generally  taken  to  mean  extensor 
rigidity.  J^ut  in  completely  decerebrated  specimens  another  type  of 
rigidity  sometimes  appears,  tonic  contraction  of  the  muscles  on  the 
fiexor  aspect  of  the  limbs.  This  is  associated  at  times  with  bending  of 
the  head  doVvnward  and  extrusion  of  the  fore-claws.  After  semi-die- 
cerebration  this  phenomenon  appeared  much  more  frequently  (p.  282), 
alternating  with  extensor  rigidity  as  though  complementary  to  it.  It 
would  be  more  accurate,  therefore,  to  speak  of  extensor  and  flexor 
rigidity  as  two  types  of  decerebrate  rigidity.  Sherrington.  Thiele,  and 
Weed  have  independently  noted  the  occasional  appearance  of  flexor 
rigidity. 

Study  of  the  results  of  the  more  anterior  unilateral  decerebrations 
demonstrates  that  the  extensor  rigidity  may  be  ipsilateral  in  the  acute 
preparation,  as  described  by  Sherrington,  but  that  after  the  stage  of 
stimulation  disappears  the  extensor  rigidity  becomes  contralateral  in  the 
chronic  preparation.  Correspondingly,  flexor  rigidity,  though  sometimes 
contralateral  at  first,  quickly  becomes  ipsilateral.  These  observations 
suggest  that  the  fibres  whose  interruption  give  rise  to  extensor  rigidity 
decussate  somewhere  between  the  anterior  part  of  the  mesencephalon 
and  the  upper  part  of  medulla  oblongata.  This  is  in  agreement  with 
the  experiments  of  Thiele. 

The  anatomical  basis  generally  accepted  for  extensor  rigidity  at 
present  is,  very  briefly  :  the  rigidity  is  a  proprioceptive  reflex  depending 
on  the  integrity  of  the  local  reflex  arc,  including  the  afferent  and  efferent 
paths  to  any  muscle  in  question  (Sherrington)  [56].  The  condition 
appears  only  after  section  of  the  brain  as  low  as  the  posterior  part 
of  the  thalamus  (Thiele)  [57],  or  the  anterior  part  of  the  mid-brain 
(Magnus)  [40] .  '  In  the  chronic  experiments  of  de  Barenne  there  was 
no  rigidity  after  removing  fore-brain,  leaving  thalamus  intact.  It  would 
seem  that  the  tract  whose  interruption  is  responsible  for  decerebrate 
rigidity  has  its  origin  about  the  level  of  the  hypothalamus. 

On  the  other  hand,  section  of  the  brain-stem  below  the  pons 
immediately  abolishes  the  rigidity  on  the  ipsilateral  side  [54],  but  not 
on  the  contralateral  side.  The  phenomenon  is  therefore  independent 
of  the  pyramidal  tract.     The   nerve  paths  responsible  for  the  decere- 
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brate  rigidity,  whatever  their  source  may  be,  are  found  in  the  antero- 
lateral columns  of  the  cord,  since  cutting  the  posterior  or  the  ventral 
columns  does  not  influence  rigidity. 

There  has  been  considerable  discussion  as  to  what  is  the  source  of 
the  tonic  influence  which  is  brought  into  play  by  decerebration.  It 
must  be  located  in  the  pons  or  upper  medulla  oblongata.  The  action 
of  this  centre,  or  perhaps  reflex  arc,  is  modified  by  stimuli  from  the 
otic  labyrinth  although  decerebrate  rigidity  is  not  abolished  by  section 
of  the  eighth  nerve  [54] .  There  exists  an  area  on  the  anterior  surface 
of  the  vermis  cerebelli,  stimulation  of  which  inhibits  decerebrate 
rigidity  [53],  [H3] ,  [5U],  [11].  Removal  of  this  area  induces  this 
condition  if  not  already  present.  Rigidity  has  been  observed  to  continue 
for  some  time  after  total  ablation  of  the  cerebellum.  Cobb,  Baily  and 
Holtz  [11]  maintain  that  the  inhibitory  pathway  is  the  dentate-rubral 
fibres.  Weed  believed  the  cerebellum  to  play  an  important  role  in  the 
cause  of  decerebrate  rigidity,  but  the  removal  of  the  cerebellum  in  his 
experiments  did  not  abolish  it  immediately.  Thiele  [57]  reported  that 
progressive  removal  of  slices  of  the  cerebellum  induced  decerebrate 
rigidity  until  the  vicinity  of  Deiters'  nucleus  was  reached,  when  all 
rigidity  suddenly  disappeared.  This  author  likewise  made  progressive 
sections  down  the  brain-stem  and  reported  that  the  decerebrate  rigidity 
which  appeared  when  the  section  passed  below  the  posterior  end  of  the 
thalamus,  disappeared  suddenly  on  reaching  the  level  of  Deiters'  nucleus. 
These  were  acute  not  chronic  experiments.  Magnus  considers  that  the 
decerebration  must  be  as  low  as  the  anterior  part  of  the  mid-brain 
before  rigidity  results.  He  describes  decerebrate  rigidity  as  a  carica- 
ture of  standing,  inasmuch  as  the  ability  to  assume  and  maintain  an 
upright  position  disappeared  with  the  removal  of  the  mid-brain  [40] . 
Magnus  likewise  agrees  that  decerebrate  rigidity  may  persist  until  the 
level  of  removal  reaches  the  lower  margin  of  the  pons. 

It  has  been  shown  that  the  mid-brain  and  pons  of  a  decerebrate 
preparation  can  be  l^sected  in  the  sagittal  plane  without  loss  of 
decerebrate  rigidity.     On  one  occasion  we  confirmed  this,  as  follows  : — 

A  complete  decerebration  was  performed  on  a  cat  at  11  o'clock  in  the 
morning.  The  level  was  between  the  colliculi  dorsally  and  3  mm.  in  front  of 
of  the  anterior  margin  of  the  pons  ventrally.  The  extensor  rigidity  was  well 
maintained  and  the  preparation  would  stand  if  properly  adjusted  on  its  feet. 
At  4.45  p.m.  a  sagittal  mid-line  incision  was  made  through  mid-brain,  pons  and 
well  down  into  medulla  oblongata.  The  rigidity  continued  and  was  still  in 
evidence  at  6.15  p.m.     J3y  this  time  the   rigidity  was   less   intense  and    the 
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respiration  was  just  coming  to  a  stop.  The  lungs  were  artificially  ventilated. 
The  limbs,  after  a  stage  of  clonus,  improved  their  extensor  rigidity  for  a  time. 
Examination  of  the  brain-stem  showed  the  longitudinal  section  to  be 
complete  at  the  level  of  the  red  nuclei.  At  the  level  of  tlie  upper  medulla  the 
the  bisection  was  complete  dorsally  but  stopped  1  or  2  mm.  short  of  the 
ventral  surface,  only  severing  a  part  of  the  inter-olivary  body.  In  the  lower 
medulla  a  considerable  htcmorrhage  had  occurred  which  may  have  been 
responsible  for  the  respiratory  failure. 

As  the  rubrospinal  tract  decussates  almost  completely  in  the  mid- 
line, this  is  added  evidence  that  the  presence  of  the  red  nuclei  is  not 
essential  to  the  existence  of  decerebrate  rigidity.  The  experiment 
likewise  suggests  that  paths  v^hich  are  responsible  for  decerebrate 
rigidity  do  not  decussate  in  the  medulla. 

Nothing  has  been  encountered  in  these  experiments  which  would 
contradict  the  view  of  Thiele  that  the  integrity  of  Deiters'  nucleus  is 
essential  for  the  production  of  decerebrate  rigidity,  or  that  the  spinal 
fibres  arising  in  Deiters'  nucleus  carry  efferent  impulses  indispensable 
to  the  reflex.  Weed  suggests  that  the  ventral  cerebellar  tract  of 
Gowers  carries  afferent  impulses  in  the  reflex  circuit,  which  is 
responsible  for  the  rigidity.  This  tract  passes  dorsally  below  the  level 
of  even  the  lower  decerebrations  and  was  seen  to  be  intact  in  all  of  our 
anatomical  preparations  that  were  carefully  studied. 

(b)   Temperature  Control. 

The  whole  literature  on  the  subject  of  temperature  control  and 
the  nervous  mechanisms  which  are  concerned  has  been  so  carefully 
reviewed  recently  by  Barbour  [1]  that  no  attempt  need  be  made  here 
to  give  any  detailed  account,  and  reference  may  only  be  made  briefly  to 
such  papers  as  bear  most  closely  on  the  results  here  reported. 

It  has  been  shown  by  Kogers  [50]  that  in  pigeons  section  of  the 
brain-stem  below  the  level  of  the  thalamus  completely  removes  all 
temperature  control,  while  section  above  the  thalamus  does  not,  so  that 
even  in  birds,  in  which  the  development  of  the  corpus  striatum  is  very 
different  from  that  of  mammals,  section  of  the  brain-stem  in  the  region 
we  have  studied  destroys  all  temperature  control.  The  similarity  with 
the  results  obtained  in  cats  is  the  more  marked  when  the  experiments 
of  de  Barenne  [2]  [7]  are  also  taken  into  consideration.  He  removed 
practically  all  the  brain  above  the  thalamus  in  the  second  of  the  two 
cats  described  in  the  above  paper,  and  yet  found  it  to  have  a  normal 
temperature  control.     Therefore,  in  cats  also  the  control  of  temperature 
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may  be  definitely  located  between  the  level  of  the  middle  of  the  superior 
colliculi  and  '2  mm.  in  front  of  the  pons  below  and  the  upper  limit  of 
the  thalamus  above.  Such  a  situation  for  the  centres  controlling  tempera- 
ture regulation  is  in  entire  accord  with  the  work  of  Barbour  on  the 
effect  of  localized  heating  of  the  brain. 

Isenschmidt  and  Krehl  [22]  in  1912  showed  that  rabbits  in  which 
the  brain-stem  was  divided  at  the  level  of  the  junction  of  the  dience- 
phalon  and  mesencephalon  lost  all  power  of  temperature  control,  while 
if  the  hemispheres  alone  were  removed  control  was  not  lost.  But  their 
animals  without  temperature  control  only  survived  a  few  days,  and 
considering  how  long  reactions  may  be  depressed  following  a  lesion,  the 
possibility  of  a  later  return  of  temperature  control  was  not  excluded. 

Later  Isenschmidt  and  Schnitzler  [23]  made  various  sections  in  the 
mid-brain  at  different  levels,  these  sections  being  often  one-sided  and 
partial,  and  they  came  to  the  conclusion  that  the  heat  regulation  centre 
was  in  the  region  of  the  tuber  cinereum.  This  would  be  consistent 
with  our  results,  but  their  conclusions  cannot  be  regarded  as  firmly 
established  since  again  they  were  unable  to  keep  alive  for  more  than  a 
few  days  any  animals  which  lost  their  power  of  temperature  control. 
Consequently  they  could  not  elaborate  their  results  by  examination  for 
nerve  degeneration.  The  "  Zw'ischenhirnstich  "  of  Leschke  [31]  gave 
similar  results. 

The  animals  that  we  report  offer  therefore  strong  confirmatory 
evidence  as  to  the  position  of  the  centres  controlling  temperature,  and 
it  should  be  much  easier  to  determine  whether  these  are  in  the  thalamus 
or  tuber  cinereum  by  the  employment  of  the  methods  we  have  developed 
for  nur.sing  animals  which  have  lost  their  power  of  temperature 
regulation. 

It  wmII  be  evident  from  the  experiments  that  have  been  described  that 
no  sign  of  temperature  control  remains  and  that  no  such  control  returns 
at  any  rate  within  two  weeks.  The  complete  absence  of  shivering  in  the 
bilaterally  operated  animals  and  its  ready  occurrence  after  the  unilateral 
operation  is  very  striking,  and  it  is  of  considerable  interest  that  in  the 
latter  case  shivering  occurs  equally  on  the  two  sides  of  the  body.  With 
the  unilateral  decerebrations  it  was  noticed  that  if  the  remaining  brain 
matter  was  exposed  to  some  pressure  (as  occurred  when  wax  was  used 
in  these  cases)  the  raised  intracranial  pressure  readily  destroyed  the 
power  of  temperature  control,  and  it  was  also  noticed  that  in  the  other 
animals  which  showed  deficiency  of  temperature  control  the  lesion  had 
slightly  damaged  the  left  side  of  the  brain-stem  as  well  as  the  right. 
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It  seems  probable,  therefore,  that  tracts  which  carry  either  sensory  or 
motor  fibres  intimately  concerned  in  temperature  control  run  in  the 
mid-brain  close  to  the  mid-line,  possibly  for  instance  in  the  posterior 
longitudinal  bundle,  though  we  have  no  direct  evidence  of  this. 

The  animals  with  bilateral  decerebration  showed  a  considerable 
change  in  the  respiratory  rate  with  change  in  body  temperature  in  spite 
of  the  apparent  absence  of  temperature  control.  This  however  appears 
to  be  adequately  explained  by  assuming  that  a  rise  in  body  temperature 
alters  the  respiratory  rate  by  affecting  the  respiratory  centre  directly, 
just  as  it  alters  the  heart  rate  by  direct  action  on  the  heart,  and  that 
the  respiratory  rate  may  be  still  further  quickened  by  the  indirect 
action  of  a  metabolism  which  has  also  been  increased  as  the  result  of 
the  raised  body  temperature.  In  any  case  the  quickening  of  the 
respiratory  rate  with  raised  body  temperature  is  probably  considerably 
less  than  that  occurring  in  the  intact  animal  [20]    [30]   [48] . 

While  up  to  the  present  these  preparations  have  given  no  great 
additions  to  our  knowledge  of  the  mechanisms  concerned  in  temperature 
control,  the  possibility  of  the  i)reservation  over  long  periods  of  animals, 
in  which  this  control  has  been  lost,  would  seem  to  offer  many  new 
opportunities  for  the  mvestigation  of  this  problem. 

Conclusions. 

(1)  A  technique  is  described  which  allows  cats  in  which  all  the 
brain  above  the  level  of  the  pons  has  been  completely  removed  to  be 
preserved  for  days  and  occasionally  as  long  as  three  weeks.  The 
essential  factor  is  shown  to  be  the  maintenance  artificially  of  a  normal 
body  temperature. 

(2)  Chronic  decerebrate  preparations  obtained  in  this  way  are  found 
to  maintain  throughout  this  period  the  general  characteristics  described 
by  Sherrington.  The  extensor  rigidity  is  usually  maintained  with  brief 
intermissions,  and  further  proof  is  thus  offered  that  it  is  a  "  release 
phenomenon."  Kigidity  continues  in  many  cases  after  full  degeneration 
of  the  divided  tracts  has  occurred. 

(3)  Decerebrate  rigidity  is  described  lasting  for  more  than  two 
weeks  in  animals  in  which  all  the  red  nuclei  can  be  shown  histologi- 
cally to  be  no  longer  functioning.  Decerebrate  rigidity  can  therefore 
occur  in  the  absence  of  the  red  nucleus,  and  although  many  reactions 
and  position-reflexes  disappear  in  the  more  posterior  decerebrations, 
the  character  of  the  extensor  rigidity  seems  to  be  the  same.     It  was- 
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sometimes    found    that    sensory    stimuli    would    increase    the    rigidity 
already  present,  or  cause  it  to  reappear  if  it  were  absent. 

(4)  Decerebrate  rigidity  is  ])robably  dependent  on  some  centre  or 
reriex  arc  at  about  the  level  of  Deiters'  nucleus.  None  of  our  histo- 
logical examinations  showed  any  lesion  to  this  nucleus  nor  to  the 
ventral  spino-cerebellar  tract  of  Gowers,  and  the  rigidity  did  not 
disappear  after  mid-line  sagittal  section  of  the  pons  and  medulla. 

(5)  Head  retraction  accompanies  extreme  rigidity,  but  is  only  seen 
with  other  evidences  of  an  irritative  lesion  such  as  may  be  produced  by 
progressive  haemorrhage.  It  then  forms  a  part  of  what  may  be  called 
a  tonic  extensor  fit  which  on  the  day  of  operation  occasionally  developed 
into  a  well  marked  opisthotonos.  Spontaneous  nystagmus  sometimes 
appears  also  as  the  result  of  this  irritation. 

(6)  The  level  of  the  section  was  generally  rather  oblique  and  usually 
more  was  removed  on  the  left  side  ;  many  animals  showed  an  asymme- 
tric head  position,  usually  with  a  tendency  to  bend  it  to  the  left  side. 
In  these  animals  the  section  level  suggested  a  possibility  of  some  of  the 
right  red  nucleus  cells  still  functioning. 

(7)  Certain  differences  Ijetween  the  acute  and  chronic  states  were 
noticed.  In  the  later  stages  there  is  a  much  greater  tendency  for 
flexed  positions  to  be  assumed,  and  these  are  often  asymmetrical  and 
sometimes  flaccid  and  sometimes  rigid.  Of  these  rigid  flexion  of  the 
terminal  joints  of  the  fore-limbs  with  extrusion  of  the  claws  is  very 
common. 

(8)  The  preparations  show  no  sign  of  temperature  control  and 
never  shiver.  Bilateral  shivering  is  however  seen  after  unilateral 
decerebration  where  temperature  regulation  is  preserved.  Variations 
in  the  respiratory  rate  are  seen  after  bilateral  decerebration  as  the 
result  of  differences  in  body  temperature,  but  these  variations  are 
probably  not  so  great  as  in  the  intact  animal. 

(9)  The  respiratory  rate  is  usually  that  normal  for  a  cat,  i.e.,  about 
24.  Normal  respirations  have  been  observed  for  days  even  when  the 
section  was  at  the  lower  margin  of  the  inferior  colliculi. 

(10)  Pseudaffective  reflexes  were  usually  much  more  developed 
after  the  first  few  days  than  immediately  after  operation,  and  new 
responses  were  seen.  Besides  those  described  in  the  succeeding  section, 
movements  of  the  head  away  from  certain  nocuous  stimuli  were  noticed 
and  occasionally  a  movement  of  the  fore-limbs  as  though  directed  to  the 
protection  of  the  head. 

(11)  Vocalization  was  noted  in  ten  of  the  124  complete  decerebra- 
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tions.  This  was  rarely  seen  except  after  three  or  four  days,  and  consisted 
most  commonly  in  purring  after  the  stomach  had  been  filled  with  milk 
by  a  stomach  tube.  When  purring  was  observed  the  animal  was  a 
kitten  or  a  young  female.  Other  cats  growled,  such  sounds  being  never 
repeated,  and  in  this  case  the  sounds  were  only  observed  in  old  males. 
A  true  mew  has  only  been  observed  in  one  animal  which  made  such  a 
sound  on  two  occasions,  but  would  not  do  so  in  response  to  nocuous 
stimuli.  An  ill  co-ordinated  cry,  resembling  the  sound  a  cat  may  make 
while  anaesthetized,  has  been  observed  in  five  animals,  but  it  too  is 
apparently  sporadic  and  is  rarely  repeated. 

(12)  Many  preparations  show  a  well  developed  mastication  reflex 
with  chewing  of  the  food  (or  tube),  swallowing  of  the  bolus  and  with  a 
final  nose  and  mouth-licking  reflex.  This  may  be  initiated  by  mere 
opening  of  the  mouth  sometimes  or  by  insertion  of  food  into  the  back 
of  the  mouth.  A  stomach  tube  is  merely  swallowed  during  the  first 
day,  is  often  also  chewed  later,  while  after  four  or  five  days  food  may 
be  well  swallowed  while  a  stomach  tube  is  received  with  apparent 
objection,  the  head  being  moved  about  and  attempts  being  made  to  spit 
it  out. 

(13)  Movements  are  seen  in  animals  with  a  section  between  the 
superior  and  inferior  colliculi  and  these  increase  after  the  first  few  days. 
They  consist  of  movements  as  described  under  (10)  and  (14),  and  also 
of  spontaneous  progression  movements  and  of  kicking  when  touched. 
They  were  distinct  from  the  violent  movement  found  with  more  anterior 
sections  (already  described  by  others).  It  has  not  so  far  proved  possible 
to  preserve  animals  for  any  time  when  the  section  has  been  at  the  level 
of  the  anterior  border  of  superior  colliculi,  owing  to  the  complications 
introduced  by  these  violent  reactions. 

(14)  Acoustic  reflexes  become  more  brisk  after  the  first  few  days. 
Lifting  of  the  head  to  one  side  (usually  the  left)  has  been  often  seen, 
and  w^ould  sometimes  occur  in  reaction  to  such  slight  sounds  as  were 
made  for  instance  by  entering  the  room  quietly,  and  this  in  spite  of 
the  fact  that  the  bath  stirrer  was  maintaining  a  constant  noise.  Though 
the  constant  noise  gave  no  reaction,  it  caused  a  reaction  when  the 
motor  was  started  after  a  quiet  interval. 

(15)  Glycosuria  persisting  for  some  time  after  decerebration  (as 
described  by  J.  Mellanby)  is  confirmed,  but  this  glycosuria  disappears 
again  on  the  second  or  third  day  and  does  not  reappear.  The  cessation 
of  glycosuria  is  not  caused  by  disappearance  of  glycogen. 

(16)  Unilateral  decerebration  was  carried  out  on  a  series  of  seventeen 
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cats,  the  removal  extending  back  to  the  level  of  the  pons  in  some,  to  the 
aijterior  part  of  the  mid-brain  in  others. 

(17)  In  these  semi-decerebrate  animals  forced  movements  were 
always  directed  away  from  the  side  of  removal.  The  head  was  rotated 
with  occiput  away  from  the  side  of  removal  and  the  neck  flexed  and 
retracted  so  as  to  carry  the  head  over  to  the  sound  side.  In  some  of  the 
more  anterior  removals  a  transient  stage  of  forced  movements  to  the 
ipsilateral  side  followed  operation,  to  be  succeeded  invariably  by  the 
opposite. 

(18)  In  experiments  in  which  the  semi-decerebration  passed  through 
the  anterior  part  of  the  mesencephalon,  extensor  rigidity  was  found  in 
the  contralateral  limbs.  This  was  preceded  sometimes  by  ipsilateral  or 
bilateral  extensor  rigidity.  When  the  semi-decerebration  was  more 
posterior  and  passed  between  mid-brain  and  pons,  there  was  consider- 
able variation  in  the  rigidities  and  a  tendency  for  them  to  be  asym- 
metrical. The  anatomical  deduction  is  that  the  pathway  whose 
interruption  is  responsible  for  extensor  rigidity  decussates  in  the  mid- 
brain. 

(19)  A  condition  of  increased  resistance  of  the  flexor  muscles  to 
passive  extension  was  described,  both  in  complete  decerebrations  and 
semi-decerebrations.  In  the  latter,  when  the  removal  was  anterior, 
this  flexor  rigidity  appeared  usually  in  the  ipsilateral  limbs,  though  it 
might  l)e  seen  in  the  contralateral  limbs  for  a  short  time  after  operation- 
Thus  it  alternated  with  extensor  rigidity. 

(20)  Flexor  rigidity  as  an  entity  may  be  described  as  tonic  inner- 
vation of  those  muscles  which  are  subjected  to  tonic  inhibition  during 
extensor  rigidity.  It  is  possible  to  speak  of  two  types  of  decerebrate 
rigidity. 

In  conclusion  we  would  express  our  thanks  to  Professor  Sherrington 
for  his  continued  help  and  advice  throughout  the  course  of  the  experi- 
ments, and  to  Dr.  J.  G.  Greenfield  for  the  hospitality  extended  to  us  in 
his  pathological  laboratory  at  Queen  Square. 

The  greater  part  of  the  expenses  of  this  research  was  met  by  a  grant 
from  the  Medical  Research  Council,  to  whom  we  are  much  indebted  for 
kind  assistance. 
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THE  PATHOGENESIS  OF  SUBACUTE  COMBINED  DE- 
GENERATION OF  THE  SPINAL  COPD,  WITH  SPECIAL 
REFERENCE  TO  ITS  CONNECTION  WITH  ADDISON'S 
(PERNICIOUS)  AN.EMIA,  ACHLORHYDRIA  AND  IN- 
TESTINAL INFECTION. 
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Subacute  combined  degeneration  of  the  spinal  cord  has  in  the  past 
been  chiefly  investigated  by  neurologists,  who  were  only  interested  in 
a  minor  degree  in  the  associated  anaemia.  On  the  other  hand,  the 
spinal  changes  observed  in  Addison's  anoem'a  have  been  investigated 
chiefly  by  physicians,  whose  interest  was  in  the  anaemia  rather  than  the 
spinal  disease.  The  present  paper  is  an  attempt  to  discuss  the  two 
groups  of  cases  from  a  common  standpoint,  and  to  show  that  both 
depend  upon  the  same  underlying  pathological  processes — oral  sepsis, 
absence  of  free  hydrochloric  acid  from  the  stomach  contents  throughout 
digestion,  and  consequent  intestinal  infection  and  intoxication. 

The  term  Addison's  anaemia  is  used  in  this  paper  instead  of 
pernicious  anaemia.  Addiion  [1]  first  described  the  disease  in  1847 
and  called  it  "  idiopathic  anaemia."  Twenty  years  later  Biermer 
published  his  work  on  the  same  subject  and  called  the  disease  "  per- 
nicious anaemia."  But  beyond  the  pernicious  name  he  invented, 
Biermer  added  little  but  confusion  to  our  knowledge  of  the  subject, 
and  as  the  disease  is  neither  idiopathic  nor  necessarily  pernicious,  there 
can  be  no  doubt  that  "Addison's  anaemia"  is  the  most  satisfactory 
name. 

I. — The  Pathogenesis    of    Addison's  Anaemia  and  Achlorhydria. 

Before  considering  the  pathogenesis  of  subacute  combined  degenera- 
tion of  the  spinal  cord,  it  is  necesszry  to  summarize  the  views  we  hold 
as  a  result  of  recent  investigations  on  Addison's  anaemia,  particularly 
with  regard    to  its  association   with  achlorhydria.     For  the  following 
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reasons  we  believe  that  the  achlorhydi-ia  is  an  essential  predisposing 
cause  of  the  anaemia. 

(1)  There  is  abundant  evidence  that  the  achlorhydria  precedes  the 
development  of  the  anaemia.  As  Ixobert  Hutchison  first  pointed  out  in 
1900,  there  is  generally  a  more  or  less  long  history  of  digestive 
disturbances,  of  the  type  commonly  associated  with  achlorhydria, 
preceding  the  first  symptoms  of  anaemia.  In  one  case  achlorhydria  was 
actually  discovered  twelve,  in  another  ten,  in  another  three  years,  and 
in  another  one  year  before  the  onset  of  anaemia. 

(2)  In  sixty-four  out  of  sixty-six  fractional  test  meals  carried  out  at 
Guy's  and  the  London  Hospitals  on  cases  of  Addison's  anaemia  complete 
achlorhydria  occurred  throughout  the  period  of  digestion.  At  whatever 
stage  in  the  development  of  the  anemia  the  examination  is  made 
achlorhydria  is  found.  It  was  present,  for  example,  in  cases  in  which 
the  haemoglobin  percentage  had  not  fallen  below  85,  85,  80  and  68  ;  it 
is  thus  a  far  more  constant  symptom  than  any  other,  even  than  the 
haematological  signs,  such  as  a  high  colour  index  and  the  presence  of 
megaloblasts,  as  these  are  often  absent  in  the  early  stages  and  even 
temporarily  when  the  anaemia  is  severe. 

(3)  It  persists  when  the  anaemia  has  almost  disappeared,  either 
spontaneously  or  as  a  result  of  treatment.  Thus  in  four  cases  it  was 
still  present  when  the  haemoglobin  percentage  was  85,  82,  80  and  70 
respectively,  compared  with  45,  38,  23  and  53  respectively  some  months 
or  years  before. 

(4)  There  is  no  constant  change  in  the  curve  of  secretion  in  any 
form  of  anaemia,  except  Addison's.  Thus  fractional  test  meals  in  our 
last  four  patients  with  gastric  or  duodenal  ulcer,  complicated  by  severe 
secondary  anaemia  due  to  haemorrhage,  gave  curves  of  exactly  the  same 
form  as  would  have  been  expected  in  the  absence  of  haemorrhage  ;  the 
percentage  of  haemoglobin  in  these  cases  was  30,  33,  48  and  49,  which 
is  quite  as  low  as  one  would  expect  to  find  in  an  average  series  of  cases 
of  Addison's  anaemia  when  first  examined.  In  two  cases  of  secondary 
anaemia  caused  by  rectal  haemorrhage  with  a  haemoglobin  percentage  of 
44  and  42  respectively,  and  in  two  cases  of  chlorosis  with  a  percentage 
of  25  and  48,  the  curves  of  gastric  secretion  were  normal.  It  is  obvious, 
therefore,  that  anaemia  does  not  cause  achlorhydria. 

(5)  In  a  long  series  of  cases  it  becomes  clear  that  the  achlorhydria 
is  not  specific,  but  that  whatever  its  origin  may  be,  it  predisposes  to  the 
development  of  Addison's  anaemia.  Bennett  and  Ryle  [5]  have  shown  that 
about  4  per  cent,  of  normal  young  men  have  achlorhydria.     The  history 
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in  many  cases  of  Addison's  anaemia  points  to  the  achlorliydiia  being  of 
this  congenital  type.  In  one  it  was  due  to  alcoholic  gastritis,  in  another 
it  resulted  from  a  gastro-enterostoniy  for  ulcer,  and — what  proves 
conclusively  that  it  is  primary  and  not  secondary — in  at  least  five  cases 
Addison's  anremia  followed  the  artificial  achylia  produced  by  total 
gastrectomy  performed  for  cancer.  There  is  thus  no  constant  patho- 
logical change,  such  as  atrophy,  in  the  gastric  nmcous  membrane  after 
death,  and  in  one  case  of  Addison's  anaemia,  in  which  a  fragment  was 
excised  during  an  operation  for  appendicitis.  Dr.  li.  D.  Passey  found  no 
atrophy  and  no  more  inflammation  than  in  a  specimen  obtained  under 
similar  circumstances  in  a  case  of  "  benign  "  achlorhydria. 

For  the  above  reasons  we  believe  that  Addison's  anaemia  only 
develops  in  individuals  who  have  achlorhydria.  The  anaemia  is  caused 
by  haemolytic  toxin  absorbed  from  the  intestine,  where  they  have  been 
produced  by  the  action  of  bacteria  coming  originally  from  the  mouth, 
the  presence  of  achlorhydria  having  deprived  the  stomach  of  its  anti- 
septic powers,  which  normally  exert  a  powerful  influence  in  protecting 
the  bowel  from  such  infection. 

II. — Degeneration    of   the    Spinal    Cord    in   Addison's  Anemia. 

Lichtheim  [13]  in  1887  described  three  cases  of  "  pernicious 
anaemia  "  with  spinal  symptoms.  A  post-mortem  performed  on  two  of 
*,hem  showed  degeneration  of  the  posterior  columns  and  to  a  less  extent 
in  the  lateral  columns.  His  clinical  and  pathological  observations  were 
soon  confirmed  by  Minnich  [15]  and  Nonne  [18]  ;  the  latter  author 
before  long  came  to  the  conclusion  that  his  original  idea  that  the 
degeneration  of  the  spinal  cord  was  secondary  to  the  anaemia  must  be 
incorrect  and  that  both  conditions  were  the  result  of  some  chronic 
intoxication. 

In  the  last  twenty-five  years  spinal  cord  symptoms  have  been 
recognized  in  Addison's  anaemia  with  increasing  frequency  as  they  have 
become  more  systematically  looked  for.  In  1902  McCrae  [14]  found 
them  in  25  per  cent,  of  forty  cases;  in  1918  Woltmann  [21]  found 
"  indisputable  evidence  of  the  destruction  of  nervous  parenchyma  "  in 
806  per  cent,  of  150  cases,  which  were  subjected  to  a  detailed  neuro- 
logical examination  at  the  Mayo  Clinic.  This  corresponds  closely  with 
the  figures  obtained  by  Minnich  [15]  [10],  who  discovered  degenerative 
changes  in  77  per  cent,  of  the  spinal  cords  of  a  consecutive  series  of 
fatal  cases  of  "  pernicious  anaemia." 
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Mitchell  Clarke  [17]  in  1904  concluded  from  a  study  of  the 
literature  and  from  his  own  cases  that  the  changes  in  the  nervous 
system  in  Addison's  anaemia  could  be  clearly  distinguished  from  sub- 
acute combined  degeneration  of  the  cord,  whether  or  not  the  latter  was 
accompanied  by  anaemia.  A\'e  agree,  however,  with  the  view  expressed 
by  Barker  [2]  in  1919  that  no  definite  line  can  be  drawn  between 
Addison's  anjrmia  accompanied  by  changes  in  the  spinal  cord,  and 
subacute  combined  degeneration  of  the  cord  accompanied  by  anaemia. 
The  difference  is  simply  one  of  degree,  and  depends  upon  whether 
a  haemolysin  or  a  neuro-toxin  is  the  more  active.  If  either  toxin  is  at 
first  produced  alone,  there  is  more  time  for  it  to  give  rise  to  marked 
changes  ;  thus  when  Addison's  ansemia  is  severe  and  rapidly  fatal,  there 
may  be  no  time  for  any  nervous  symptoms  to  develop,  or,  if  they  do 
develop,  they  may  be  trivial  in  comparison  with  those  observed  in  cases 
in  which  the  nervous  degeneration  has  progressed  for  many  months 
without  any  anaemia.  There  appears  to  be  no  essential  difference 
between  the  clinical  symptoms  or  the  pathological  changes  in  the  spinal 
cord  except  in  their  severity,  whether  the  nervous  degeneration  or  the 
anaemia  predominates. 

III. — Nature  of  the  An.emia  associated  with  Subacute 
Combined  Degeneration  of  the   Spinal  Cord. 

In  some  of  the  nine  cases  described  by  Risien  Eussell,  Batten  and 
Collier  [20]  in  1900  no  anaemia  was  present  throughout  the  disease  ; 
in  others  it  developed  towards  the  end,  whilst  in  others  it  was  an 
"  obtrusive  symptom  from  the  first  and  preceded  the  manifestation  of 
nervous  symptoms  by  many  months."  They  definitely  state  that 
repeated  examinations  of  the  blood  "failed  to  reveal  the  alterations 
found  in  pernicious  anaemia,"  the  changes  being  those  characteristic  of 
secondary  anaemia.  The  red  corpuscles  were  generally  normal  in  shape, 
nucleated  cells  were  only  found  in  one  case  in  very  small  numbers,  and 
no  megaloblasts  or  microblasts  were  present. 

In  1904,  Mitchell  Clarke  [17]  from  a  study  of  five  cases  of  spinal 
cord  degeneration  in  anaemia  concluded  that  it  is  by  "no  means  only, 
nor  even  most  often,  that  the  form  of  anaemia  is  pernicious  ansemia." 

In  an  article  on  subacute  combined  degeneration  of  the  spinal  cord 
published  in  1910,  Collier  [10]  states  that  "severe  secondary  anaemia  '' 
is  almost  invariably  present  at  some  period  of  the  disease,  though  its 
development  is  sometimes  deferred  till  the  last  stages.     But  though  he 
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regarded  the  anaMiiia  as  "  definitely  secondary,"  his  description  of  the 
blood  corresponds  more  closely  to  that  of  Addison's  anaemia.  "The 
colour  index  is  usually  above  normal  ,  .  .  Anisocytosis,  poikilocytosis, 
and  polychromatophilia  are  common.  Normoblasts  are  sometimes  nu- 
merous." He  adds,  however,  that  "  megaloblasts  have  not  been  found, 
and  the  reaction  for  free  iron  in  the  liver  has  not  been  obtained  in  any 
case,"  but  he  makes  the  important  observation  that  the  skin  not  infre- 
quently assumes  a  striking  lemon-yellow  colour. 

In  the  same  year  Byrom  Bramwell  [7]  described  a  case  in  which 
the  nervous  symptoms  developed  three  years  before  the  anaemia  was 
obvious,  but  the  blood  finally  presented  all  the  typical  features  of 
Addison's  anaemia.  Post-mortem  excess  of  iron  was  present  in  the 
liver,  and  there  was  a  great  increase  in  the  red  bone  marrow;  the  spinal 
cord  changes  were  typical  of  subacute  combined  degeneration.  In  1915 
[8]  he  brought  forward  further  evidence  pointing  to  the  anaemia  being 
of  the  Addisonian  variety  in  subacute  combined  degeneration  of  the 
cord,  even  when  it  did  not  first  conform  to  type.  He  quotes  a  case  in 
which  rapid  changes  occurred  in  the  blood  during  the  last  fortnight  of 
life,  the  colour  index  slowly  rising  in  consecutive  investigations  from 
0-8  to  2-3. 

Single  cases  of  subacute  combined  degeneration  of  the  cord  have 
been  described  by  Taylor  and  Waterman  (1903),  Collins  (1904),  Loudon 
(1913),  and  Redwood  (1920),  and  two  cases  each  by  Grinker  (1908),  and 
Hassin  (1917),  in  which  the  anaemia  was  definitely  of  the  Addisonian 
type.  Cadwalader,  describing  nine  cases  in  1916,  stated  his  belief  that 
subacute  combined  degeneration  was  not  associated  with  any  form  of 
anaemia  except  "  pernicious  "  anaemia. 

In  his  latest  article  on  the  subject,  published  in  1921,  Collier  f  11]  came 
to  conclusions  entirely  different  from  those  in  his  earlier  writings.  He 
states  that  a  careful  investigation  of  the  blood  changes  at  various  stages 
of  the  disease  and  of  the  post-mortem  findings  in  a  large  series  of  cases, 
has  proved  beyond  any  possible  doubt  that  the  blood-changes  in  every 
case  are  identical  with  those  that  are  met  with  in  the  various  stages  of 
pernicious  anaemia,  and  that  a  typical  post-mortem  picture  of  pernicious 
anaemia  occurs  frequently  enough  in  subacute  combined  degeneration. 
In  contradiction  to  his  earlier  papers  he  says  that  "  megaloblasts  may 
be  found  in  numbers." 

Addison's  anaemia,  particularly  in  the  early  stages  and  during  the 
periods  of  remission,  may  present  a  blood-picture  far  removed  from  what 
is  considered  to  be  typical  of  the  disease.     This  has  been  recorded  fre- 
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queotly  and  is  the  experience  of  all  clinicians.  A  recent  case  of 
undoubted  Addison's  anaemia,  in  which  numerous  blood  examinations 
were  made  and  the  diagnosis  was  confirmed  post  mortem,  illustrates 
this  point  clearly  (Table  I). 

Table  I.— Variations  in  Colour-index  in  a  Typical  Case  of  Addison's  An^t^mia. 


Date 

Red  blood  corpuscles 

Hsemoglobin 

Colour 

perc.inm.                                     percentage                                  index 

22.9.21 

2,200.000 

30 

0-7 

8.10.21 

1,500,000 

20 

0-6 

1.11.21 

2,800,000 

40 

07 

11.11.21 

2,400,000 

48 

1-2 

18.11.21 

2,088,000 

58 

1-4 

5.12.21 

3,  J  00,000 

62 

10 

20.1.22 

1,600,000 

40 

1-25 

10.4.22 

2,400,000 

40 

0-8 

15.5.22 

2,240,000 

60 

1-3 

12.6.22 

1.640,000 

46 

1-4 

26.6.22 

2,440,000 

50 

1-0 

TABLE   II. — Blood   Examinations   in   Eight   Cases   op   Subacute   Combined   Degeneration 

OP  THK  Cord. 


Name 

Age 

Date 

Red  cells 
per  c.iuin. 

HiVMlO- 

globin 
per- 
centage 

Colour 
index 

Poikilo- 
cytosis 

Aniso- 
cytosis 

Normo- 
blasts 

Megalo- 
blasts 

Leuco- 
cytes 
per 
c.nmi. 

Wassermann 
reaction 

Johu  B.      .. 

62 

12.7.20 

2,650,000 

66 

1-2 

+ 

+ 

- 

- 

3,750 

Negative 

\Vm.  B.     . . 

72 
65 

—2.22 
27.6.22 

2,710,000 
3,200,000 

48 
85 

0-88 
1-3 

+ 
+ 

? 

+ 

+ 

— 

7,000 
5,090 

Negative 

Thos.  M.   .. 

2.3.22 

27.4.22 
29.5.22 
26.7.22 

30.3.22 

3,500,000 
4,580,000 
4,700,000 
6,150,000 

3,300,000 

68 
68 
62 
86 

58 

0-97 
0-6 
0-65 
0-7 

0-88 

+ 

+ 

9,500 

Negative 

Edith  J.    . . 

40 

"~ 

+ 

— 

7,100 

Positive 
(C.S.F. 
negative) 

J.      E.      W. 
(male) 

52 

14.7.19 
29.7.19 
16.9.19 
3.3.21 
—3.21 

2,300,000 
1,500,000 
3,200,000 
3,400,000 
3,140,000 

52 
54 
94 
70 
83 

1-1 
1-8 
1-5 
1-0 
1-3 

+  + 

+  + 
9 

+ 

+ 

+  + 

+  + 

4- 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 

2,800 

6,000 
3,700 

Negative 

Margaret  H. 

64 

—2.22 

2,860,000 

85 

1-5 

+ 

+ 
+ 



- 

? 

Negative 

Harriet  G. 

51 

—7.22 

4,710,000 

56 

0-6 

+ 

- 

5,800 

Negative 

Marion  H. 

42 

—7.22 

2,380,000 

56 

1-2 

+ 

+ 

- 

- 

7,920 

Negative 

It  would  thus  appear  probable  that  many  of  the  cases  of  subacute 
combined  degeneration  recorded,  including  the  nine  published  by  Risien 
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Kussell,  Batten  and  Collier  in  1900,  in  which  the  blood-picture  was  not 
characteristic  of  Addison's  ana'iuia.  were  none  the  less  associated  with 
Addison's  anaemia.  The  lemon-yellow  colour,  which  Collier  observed 
in  many  cases  before  he  came  to  the  conclusion  that  the  anaemia  was 
of  the  "  pernicious  "  type,  is  quite  characteristic  of  the  latter,  and,  being 
caused  by  staining  of  the  subcutaneous  fat  with  pigment  derived  from 
hfemoglobin,  it  affords  just  as  good  evidence  of  haemolysis  as  the 
Prussian-blue  reaction  obtained  in  the  liver  and  sometimes  in  other 
organs  after  death.  This  reaction,  although  present  in  almost  all  cases 
of  typical  Addison's  anaemia,  is  sometimes  absent  in  cases  of  subacute 
combined  degeneration,  because  the  blood  destruction  has  not  been 
sufficiently  severe  and  prolonged. 

During  the  time  our  present  series  of  eight  cases  of  subacute  com- 
bined degeneration  of  the  cord  was  under  observation  the  blood-picture 
was  not  typical  of  Addison's  anaemia,  but  it  was  quite  compatible  with 
an  early  stage  of  that  condition,  and  in  those  cases  in  which  repeated 
examinations  were  made  the  colour  index  was  at  times  over  one,  and 
the  film  at  times  showed  the  characteristic  features  (Table  II). 

IV. — Digestive  Symptoms  preceding  and  accompanying  the 
Nervous   Symptoms   of    Subacute    Combined   Degeneration 

OF   the   Cord. 

In  1908  Grinker  [12]  drew  attention  to  the  occasional  association 
of  digestive  symptoms  with  subacute  combined  degeneration  of  the  cord 
and  laid  special  stress  on  the  frequency  of  diarrhoea.  In  1910  Collier 
[10]  stated  that  he  had  occasionally  observed  symptoms  of  gastro- 
enteritis and  colitis  in  the  disease.  In  the  same  year  Farquhar  Buzzard 
[9]  stated  that  gastro-intestinal  disturbances  may  precede  or  accompany 
the  earliest  signs  of  the  nervous  disease.  In  his  latest  contribution  to 
the  subject  in  1921,  Collier  says  that  in  a  considerable  number  of  cases 
symptoms  pointing  to  gastro-intestinal  infection,  such  as  vomiting, 
diarrhcea,  anorexia  or  constipation,  were  prominent  before  the  onset  of 
nervous  symptoms. 

In  seven  of  our  eight  cases  digestive  symptoms  were  present.  Two 
patients  had  had  attacks  of  diarrhoea  shortly  before  the  first  nervous 
symptoms  appeared ;  one  of  these  had  been  actually  admitted  into 
hospital  on  this  account.  In  another  case  "  bilious  attacks "  with 
occasional  vomiting  and  attacks  of  flatulent  dyspepsia  preceded  the 
nervous  symptoms,  and  in  a  fourth  there  was  a  long  history  of  slight 
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flatulent  dyspepsia.       In   three  others    the    digestive   symptoms    only 
appeared  after  the  first  signs  of  nervous  disease. 

The  digestive  symptoms,  which  are  so  frequently  associated  with 
subacute  combined  degeneration  of  the  cord,  are  all  symptoms  which 
are  often  caused  by  achlorhydria  apart  from  this  nervous  disease  and 
apart  from  Addison's  anaemia,  and  which  are  generally  controlled 
without  difficulty  by  the  administration  of  dilute  hydrochloric  acid. 
As  these  symptoms  frequently  precede  the  development  of  the  nervous 
manifestations,  just  as  similar  digestive  symptoms  frequently  precede 
the  development  of  Addison's  anaemia,  it  Seems  probable  that  the 
achlorhydria  precedes  the  development  of  the  nervous  symptoms.  It 
is  certainly  not  due  to  the  anaemia,  as  the  degree  of  this  is  gener- 
ally slight,  quite  apart  from  the  fact  that  it  is  exceedingly  doubtful 
whether  anaemia  ever  does  give  rise  to  achlorhydria.  The  fact  that 
digestive  symptoms  do  not  always  precede  the  development  of  nervous 
symptoms  does  not  make  it  any  the  less  likely  that  achlorhydria  always 
precedes  them,  as  the  latter  condition  may  be  present  for  years  without 
giving  rise  to  the  slightest  indigestion,  and  it  is  indeed  present  in  about 
four  per  cent,  of  normal  young  men  without  digestive  symptoms. 

V. — Achlorhydria  in  Subacute  Combined  Degeneration 

OF  THE  Cord. 

"\Ve  have  had  the  opportunity  of  investigating  eight  cases  of  typical 
subacute  combined  degeneration  of  the  cord  by  the  fractional  method  of 
gastric  analysis.  In  all  of  the  eight  free  hydrochloric  acid  was  completely 
absent  throughout  the  period  of  digestion.  The  test  was  repeated  in 
three  of  the  cases  with  the  same  result. 

So  far  as  we  know  no  other  cases  have  been  investigated  in  this 
way.  Llewellys  Barker  [2]  found  complete  achlorhydria  in  two 
cases,  presumably  after  an  ordinary  one-hour  test-meal.  In  one  the 
anaemia  at  the  time  of  the  examination  was  said  to  be  "  quite  definitely 
not  pernicious,"  though  the  colour  index  was  I'l,  and  in  the  other  the 
red  corpuscles  numbered  -1,000,000  per  cm.,  the  haemoglobin  percentage 
being  90.  Barker's  observation  is  valuable  confirmation  of  our  results, 
but  the  fact  that  achlorhydria  persists  throughout  digestion  is  of  course 
of  greater  significance  than  the  absence  of  free  hydrochloric  acid  from 
the  contents  of  the  stomach  removed  in  the  ordinary  way  one  hour 
after  the  meal  has  been  taken.  Dr.  J.  F.  Wilkinson,  of  Melbourne, 
informs  us  that  he  discovered  achlorhydria  in  a  patient  who  consulted 
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him  for  digestive  syiuptoms  a  year  before  the  first  signs  of  subacute 
combined  degeneration  of  the  cord  appeared. 

For  purposes  of  control  gastric  analyses  were  made  in  a  series  of 
typical  cases  of  disseminated  sclerosis  and  tabes  dorsalis.  In  eighty 
consecutive  cases  of  disseminated  sclerosis  achlorhydria  was  never 
found,  the  curves  of  acidity  being  the  same  as  would  be  likely  to  occur 
in  a  series  of  eight  normal  people.  Of  nine  consecutive  cases  of  tabes 
dorsalis  one  was  found  to  have  achlorhydria  ;  the  remainder  had  curves 
which  fell  within  normal  limits,  though  in  two  cases  it  was  somewhat 
high.  As  4  per  cent,  of  normal  individuals  have  achlorhydria,  the 
single  case  in  this  series  is  probably  of  no  importance  (Table  III). 


Table  III. — Rklative  Frequk.ncy  of  Achlorhydria  in  Various  Conditions. 


Achlorhydria 

Number 

of 

cases 

Low 

"  Normal " 

HiKh 

1       Per- 
Nuniber  j    renUge 

acidity 

acidity 

.    acidity 

Normal  (Bennett 

100 

4 

4 

1 

87 

8 

and  Ryle)  [5] 

Various  medical 

425 

63 

11-8 

53 

205 

104 

diseases  (Bell) 

(12-5  per  cent.)  (48-3  per  cent.) 

(24-4  per  cent.) 

[3] 

Addison's  (perni- 

66 

64 

95 

1 

1 

0 

cious)  anemia 

Carcinoma        of 

10 

3 

33 

3 

3 

0 

stomach 

Subacute     com- 

8 

8 

100 

0 

0 

0 

bined  degener- 

ation of  cord 

Tabes  dorsalis  . . 

9 

1 

11 

1 

5 

2 

Disseminated 

8 

0 

0 

1 

7 

0 

sclerosis 

Gastric  analysis  may  therefore  give  information  of  real  help  in 
diagnosis,  the  presence  of  free  hydrochloric  acid  in  any  fraction  of  a 
test-meal  being  probably  a  decisive  point  against  the  diagnosis  of  sub- 
acute combined  degeneration,  whereas  the  discovery  of  achlorhydria 
would  considerably  strengthen  the  probability  of  such  a  diagnosis  being 
correct.  In  three  recent  cases,  which  presented  features  very  suggestive 
of  subacute  combined  degeneration,  a  normal  curve  of  gastric  acidity 
was  discovered.  Each  eventually  proved  to  be  a  case  of  syphilitic  disease 
of  the  spinal  cord.  These  cases  are  analogous  with  two  others,  the 
only  cases  in  Guy's  Hospital  in  which  a  diagnosis  of  Addison's  anaemia 
had  been  made  in  spite  of  the  fact  that  free  hydrochloric  acid  was 
present  in  the  stomach.  At  the  post-mortem  no  evidence  of  haemolysis 
was  present,  one  being  found  to  have  infective  endocarditis,  and  the 
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other,  who  died  of  lobar  pneumonia,  having  microscopical  changes  in 
the  spleen,  which  were  typical  of  Hodgkin's  disease. 

VI. — Oral  Sepsis. 

The  importance  of  oral  sepsis  in  Addison's  anaemia  has  been  almost 
universally  acknowledged  since  Hunter  first  drew  attention  to  the 
subject  over  twenty  years  ago.  In  his  article  on  subacute  combined 
degeneration  of  the  cord,  published  in  1910,  Collier  states  that  septic 
gingivitis  and  stomatitis  are  common  in  the  disease.  One  of  our  eight 
patients  had  had  all  his  .teeth  taken  out  on  account  of  severe  pyorrhoea 
shortly  before  we  saw  him.  Two  others  had  had  all  removed  twenty 
or  more  years  earlier  because  they  were  becoming  loose.  The  re- 
maining five  had  more  or  less  severe  gingivitis  with  pyorrhoea  and 
septic  stumps.  Only  one  patient  complained  of  soreness  of  the  tongue ; 
it  was  abnormally  red  and  corrugated,  but  there  was  no  ulceration. 
In  another  the  tongue  was  abnormally  smooth  and  shiny,  the  papillae 
having  atrophied  to  a  great  extent,  although  the  patient,  who  was 
edentulous,  was  unaware  that  she  had  ever  had  glossitis. 

VII. — The    Evidence     of     Intestinal     Infection     in     Subacute 
Combined  Degeneration  op  the  Cord  and  Addison's  An.emia. 

Streptococci  are  almost  invariably  present  in  the  sockets  of  septic 
teeth,  whether  the  individual  is  otherwise  healthy  or  not,  but  so  far  as 
our  observations  go  the  Streptococcus  longus  is  not  often  found  in  the 
contents  of  the  duodenum  removed  during  life  with  an  Einhorn  tube, 
except  in  Addison's  anaemia  and  in  subacute  combined  degeneration  of 
the  cord.  In  four  normal  individuals  and  in  eight  cases  of  infecti-ve 
jaundice  from  Gallipoli  investigated  by  one  of  us  (A.  F.  H.)  with 
C.  J.  Martin  in  Lemnos  in  the  autumn  of  1915  no  streptococci  were 
present.  Among  fourteen  patients  suffering  from  various  medical 
conditions  the  duodenal  contents  contained  the  S.  longus  in  only  three 
instances,  one  being  in  a  patient  with  diabetes  and  slight  pyorrhoea 
alveolaris,  and  the  other  two  men  with  cholecystitis,  one  of  whom  also 
had  a  severe  infection  of  his  tonsils ;  in  all  three  cases  the  gastric 
secretion  was  normal.  In  four  of  the  fourteen  cases  achlorhydria  was 
present,  together  with  very  severe  oral  sepsis  in  two  and  slight  pyorrhoea 
in  a  third,  but  in  spite  of  this  no  streptococci  were  found.  In  every 
one  of  the  seven  cases  of  Addison's  anaemia  and  the  four  cases  of  sub- 
acute combined  degeneration  of   the  cord  which  we  have  investigated 
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the  S.  lon(/iis  was  found  on  microscopic  examination  and  was  obtained 
on  cultivation  of  the  duodenal  contents.      (Table  IV.) 

Taiu-k  IV.—  Slreptococciis  loiujus  in  thk  Duodenal  Contents. 

.Niiiiilii-r  of  C.1SPS  S'. /oiiffiw  present        Peici'iitage 


Normal        . .                          . .              . .              . .  4 

Infective  jaundice                 ..              ..              ..  8 

Various  medical  cases         . .              . .              . .  14 

Addison's  ansemia                ..              ..              ..  7 

Subacute  combined  degeneration  of  the  cord  4 


0      }       n.5 

!  ■       100 


In  spite  of  the  somewhat  smaller  number  of  cases,  the  contrast 
between  the  11'5  per  cent,  of  controls,  in  .which  streptococci  were 
found,  with  100  per  cent,  of  subacute  combined  degeneration  of  the 
cord  and  Addison's  .anaemia,  is  so  striking  that  the  conclusion  can 
probably  be  drawn  that  an  infection  of  the  intestine  with  a  S.  longus  is 
an  essential  factor  in  the  production  of  these  diseases.  In  any  case  the 
presence  of  the  S.  longua  in  the  duodenum  is  evidence  of  active  infection 
of  the  intestine.  In  one  of  our  patients  an  autogenous  vaccine  made 
from  the  S.  longus  isolated  from  the  socket  of  an  infected  tooth  gave 
rise  to  a  temporary  aggravation  of  the  sensation  of  pins  and  needles  in 
the  hands  and  feet  each  time  it  was  injected. 

VIII. — Diseases    other   than    Addison's   An.emia    which   may  be 

ASSOCIATED    WITH    SUBACUTE    COMBINED    DEGENERATION, 

Schultze,  Xonne  and  Geitlin  are  said  to  have  reported  cases  of 
subacute  combined  degeneration  of  the  cord,  in  which  the  blood  picture 
was  that  of  lymphatic  leukaemia,  and  Collier  refers  to  a  similar  case 
observed  by  Greenfield.  I  only  know  of  two  cases  of  lymphatic 
leukaemia  in  which  a  fractional  test  meal  has  been  carried  out.  In  one 
of  these  complete  achlorhydria  was  present,  but  in  the  other  the  curve 
was  normal.  It  is  obvious  that  no  conclusions  can  be  drawn  from  the 
two  cases,  but  the  presence  of  achlorhydria  in  one  of  them  would 
suggest  that  in  leukaemia  the  oral  sepsis  and  achlorhydria,  which  are 
the  necessary  conditions  for  the  development  of  Addison's  anaemia  and 
subacute  combined  degeneration  of  the  cord,  may  be  present.  This 
would  explain  the  occurrence  of  cases  of  so-called  "  leukanaemia,"  in 
which  the  blood  picture  is  a  combination  of  leukaemia  and  Addison's 
anapmia,  as  well  as  those  rare  cases  of  subacute  combined  degeneration 
of  the  cord  with  leukae-mia  which  have  just  been  mentioned. 

It  is  also  said  that  severe  cachexia  may  be  associated  with  similar 
changes  in  the  spinal  cord,  but  we  have  been  able  to  find  no  detailed 
description  of  such  cases,  the  majority  of  which  appear  to  have  been 
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due  to  cancer  of  the  stomach.  In  30  per  cent,  of  our  cases  of  gastric 
cancer  complete  achloryhdria  was  found  with  the  fractional  test  meal, 
and  oral  sepsis  is  of  course  not  uncommon.  Severe  anaemia  is  more 
common  in  cancer  of  the  stomach  than  in  cancer  elsewhere.  This  may 
be  due  to  the  fact  that  a  haemolytic  toxin  is  sometimes  produced  when 
achlorhydria  is  present  and  causes  a  more  severe  anaemia  than  would 
result  from  the  cancer  toxins  alone.  At  the  same  time  neuro-toxins 
might  well  be  produced. 

Lastly,  subacute  combined  degeneration  of  the  cord  is  said  to  occur 
in  connection  with  Addison's  disease,  although  here  again  we  have  been 
unable  to  find  any  detailed  reports.  We  have,  however,  had  under 
observation  a  man  suffering  from  typical  Addison's  disease  with  an 
extreme  degree  of  pigmentation,  a  very  low  blood  pressure,  general 
asthenia  and  vomiting,  in  whom  signs  of  posterior  and  lateral  cord 
degeneration  were  present.  Further  investigation  showed  that  the 
Addison's  disease  was  associated  with  the  blood  changes  of  Addison's 
(pernicious)  anaemia,  so  that  the  nervous  changes  can  be  regarded  as 
a  complication  of  the  latter  rather  than  of  the  suprarenal  disease. 

IX. — Subacute    Combined   Degeneration    of    the    Cord   without 

Anemia. 

It  has  generally  been  stated  that  cases  of  subacute  combined  de- 
generation of  the  cord  occur  without  any  anaemia.  We  have,  however, 
seen  no  reports  of  such  cases,  in  which  blood  examinations  have  been 
made  during  the  last  two  or  three  weeks  of  life,  and  Byrom  Bramwell's 
case,  in  which  anaemia  of  a  typical  Addisonian  form  developed  during 
the  fortnight  before  death,  shows  how  necessary  it  is  to  do  this  before 
concluding  that  the  nervous  disease  runs  its  whole  course  without  being 
complicated  by  anaemia.  It  would,  however,  not  be  surprising  if  in 
a  small  proportion  of  cases  no  anaemia  occurred  at  all,  because  there  is 
no  reason  why  in  some  cases  neuro-toxins  might  not  be  produced 
without  haemolysins,  just  as  the  latter  are  certainly  produced  in 
a  considerable  number  of  cases  without  the  former. 

X. — Pathogenesis. 

In  their  classical  account  of  subacute  combined  degeneration  of  the 
spinal  cord  published  in  1900,  Risien  Russell,  Batten'and  Collier  [20] 
came  to  the  conclusion  that  the  disease  is  caused  by  some  toxic  agent, 
which  is  also  the    cause  of    the    anaemia,  with  which  it   is  generally 
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associated,  and  that  it  is  not  secondary  to  the  antvinia.  Writing  ten 
years  later,  Buzzard  [9]  suggested  that  this  toxin  has  its  origin  in  the 
alimentary  canal,  and  in  1921  Collier  [11]  concluded  that  the  toxic 
agent  responsible  both  for  the  nervous  degeneration  and  the  anaemia 
is  of  gastro-intestinal  origin. 

We  have  already  given  our  reasons  for  believing  that  achlorhydria  is 
an  essential  predisposing  cause  of  Addison's  anaemia.  Our  observations 
lead  us  to  agree  with  Collier's  most  recent  conclusion  that  the  ansemia 
with  which  subacute  combined  degeneration  of  the  cord  is  almost  always 
associated  is  the  so-called  "  pernicious  ""  form,  first  described  by  Addison. 
It  is  therefore  not  surprising  that  achlorhydria  appears  to  be  present  as 
constantly  in  cases  in  which  subacute  combined  degeneration  of  the 
cord  is  the  earlier  and  more  prominent  symptom,  as  in  those  in  which 
anfemia  is  present  alone  or  in  which  the  nervous  symptoms  remain 
comparatively  unimportant. 

Gastric  juice  has  two  functions  :  it  helps  in  the  digestion  of  pro- 
teins, and  the  antiseptic  action  of  its  acid  helps  to  protect  the  intestines 
from  infection  with  swallowed  organisms.  In  achlorhydria  proteins 
pass  into  the  duodenum  in  an  unaltered  form,  and  bacteria  from  the 
mouth  and  nasopharynx  are  likely  to  reach  the  intestine  in  far  greater 
numbers  than  under  normal  conditions.  If  achlorhydria  is  associated 
with  oral  sepsis,  secondary  infection  of  the  intestines  is  extremely  likely 
to  occur.  The  investigations  of  Bennett  and  Dodds  [6]  show  that 
pancreatic  secretion  is  also  deficient  in  Addison's  anaemia.  The  diges- 
tion of  proteins  is  therefore  likely  to  be  even  more  deficient  than 
in  cases  in  which  achlorhydria  is  present  alone.  Consequently  in 
Addison's  anaemia  and  in  subacute  combined  degeneration  of  the  cord 
intestinal  infection  is  likely  to  be  associated  with  the  presence  in  the 
intestines  of  excess  of  undigested  or  incompletely  digested  protein. 
Under  such  conditions  it  is  not  surprising  that  toxins  are  produced  by 
the  bacterial  destruction  of  proteins  in  abnormal  quantities  in  the  intes- 
tines. It  is  probable  that  one  of  these  is  specially  toxic  for  the  blood 
and  leads  to  a  haemolytic  form  of  anaemia,  and  that  another  is  specially 
toxic  for  nervous  tissues  and  leads  to  combined  degeneration  of  the 
spinal  cord.  In  most  cases  the  former  toxin  is  the  dominant  one,  but 
in  a  small  minority  of  cases  the  latter  is  the  more  important.  Although 
one  or  other  may  appear  to  be  present  alone  in  the  early  stages,  it  is 
rare  for  the  haemolytic  toxin  and  still  more  rare  for  the  neurotoxin  to 
continue  to  be  produced  without  the  other  throughout  the  course  of 
the  illness. 
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XI. — Treatment. 

The  most  important  part  of  the  treatment  of  subacute  combined 
degeneration  is  to  attempt  to  overcome  the  intestinal  infection  and  so 
stop  the  development  of  the  neurotoxic  and  haemolytic  poisons.  Oral 
sepsis  should  be  thoroughly  dealt  with.  Every  tooth  which  shows  the 
slightest  sign  of  infection  on  expert  clinical  examination  should  be 
condemned.  An  X-ray  photograph  should  always  be  taken  of  all  the 
remaining  teeth,  however  healthy  they  may  appear,  and  the  slightest 
sign  of  apical  infection  or  periodontitis  should  lead  to  their  removal. 
In  most  cases  every  tooth  will  have  to  be  extracted.  If  the  tonsils  are 
infected  they  should  be  enucleated,  and  the  nose  and  nasal  sinuses 
should  also  be  examined  and  if  necessary  thoroughly  treated. 

The  achlorhydria  should  be  corrected  by  the  administration  of  large 
doses  of  hydrochloric  acid.  In  most  cases  we  have  found  that  a  drachm 
and  a  half  of  dilute  hydrochloric  acid  are  required  in  order  to  com- 
pensate for  the  deficiency  of  gastric  juice  (Charts  I  and  II).  The  acid 
should  be  added  in  the  proportion  of  a  drachm  to  4  oz.  of  water  in 
order  to  make  a  beverage,  the  acidity  of  which  is  about  the  same  as 
that  of  gastric  juice.  If  lemon  juice  and  sugar  are  added  the  drink  is 
quite  palatable.  It  should  be  drunk  during  the  course  of  each  meal, 
and  a  little  of  it  should  be  left  over  to  sip  for  half  an  hour  after  the  meal 
is  completed.  The  patient  should  continue  to  take  it  without  inter- 
mission for  the  rest  of  his  life,  as  even  if  the  intestinal  infection  appears 
to  be  overcome,  the  achlorhydria  probably  always  remains. 

Milk  which  has  been  soured  with  an  active  lactic  acid  bacillus 
should  also  be  given  for  an  indefinite  period.  Most  patients  can  take 
half  a  pint  three  times  a  day  without  difiiculty. 

Lastly,  a  vaccine  should  be  made  from  any  streptococcus  which 
can  be  isolated  from  the  sockets  of  extracted  teeth,  from  the  duodenal 
contents  withdrawn  through  an  Einhorn  tube,  from  the  faeces  and  from 
the  urine.  This  should  be  given  in  carefully  graduated  doses,  beginning 
with  very  little,  and  slowly  increasing,  but  it  is  desirable  that  no  general 
reaction  should  follow  the  injections. 

Unfortunately  the  degeneration  of  the  spinal  cord,  when  it  has  once 
occurred,  is  permanent,  so  that  all  that  can  be  expected  from  adequate 
treatment  of  the  intestinal  infection  is  that  the  progress  of  the  disease 
may  be  arrested.  A  certain  amount  of  improvement  may,  however, 
result  from  a  systematic  course  of  exercises  of  the  type  that  Frenkel 
introduced  for  tabetic  ataxy.  On  the  other  hand,  if  the  production  of 
hsemolytic  toxins    is    arrested,  the  blood    shows  spontaneous  improve- 
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ment,  and  recovery  can  also  be  accelerated  in  severe  cases  by  one  or 
more  transfusions  of  blood.  Arsenic  may  be  given,  but  care  is  neces- 
sary ,^as  in  the  presence  of  subacute  combined  degeneration  it  is  difficult 
torrecognize  the  earliest  symptoms  of  arsenical  neuritis. 
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Chart  I. — Fractional  test  meals  to  show  free  HCl  in  a  man  with  subacute  combined 
degeneration  of  the  spinal  cord.  A,  without  addition  of  acid — complete  achlorhydria;  B, 
with  addition  of  3i  dilute  HCl  (B.P.)  in  giv  water  (~0-3  ""Z^,  HCl)  taken  with  the  gruel  and 
also  sipped  for  an  hour  afterwards ;  C,  with  addition  of  S'ss  dilute  HCl  in  3vi  of  water- 
normal  curve  ;  D,  with  addition  of  5ii  dilute  HCl  in  '^s'm  water—  hyperchlorhydria  curve. 
The  shaded  area  represents  the  limits  for  free  HCl  of  80  °/o  of  normal  people. 
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Chart  II. — Fractional  test-meals  to  show  free  HCl  in  a  woman  with  subacute  combined 
degeneration  of  the  spinal  cord.  A,  without  addition  of  HCl — complete  achlorhydria  ;  B, 
with  addition  of  5iss  dilute  HCl  in  gvi  water. 


Insufficient  time  has  elapsed  to  be  able  to  report  the  final  result  of 
treatment  on  these  lines.  So  far  it  has  been  most  promising.  The 
anaemia,  being  recognized  at  an  early  stage,  rapidly  improves ;  in  the  two 
-cases  of  our  series  which  have  been  longest  under  observation  it  has 
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actually  disappeared,  and  in  one  of  these  the  red  corpuscles  now  number 
over  5,000,000  per  cubic  millimetre.  There  has  been  no  increase  in 
the  nervous  symptoms  or  physical  signs,  and  in  one  of  the  two  cases 
just  referred  to  the  tingling  of  the  feet  and  hands  has  almost  disap- 
peared, and  the  ataxic  and  spastic  gait  has  greatly  improved,  but  the 
physical  signs  are  unaltered. 
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THE    MENINGIOMAS    (DURAL    ENDOTHELIOMAS):    THEIR 
SOURCE,  AND   FAVOURED   SEATS  OF    ORIGIN.' 

BY   HARVEY   GUSHING,   C.B.,   HON.F.R.C.S. 
Professor  of  Surgery  in  Harvard  University. 

The  tumours  under  consideration  have  long  masqueraded  under  so 
many  guises  that  it  is  well-nigh  impossible,  historically,  to  do  them 
justice.  In  their  gross  appearance,  they  are  sufficiently  striking  to  have 
attracted  the  notice  of  morbid  anatomists  from  early  times,  and  without 
carrying  the  subject  farther  back  than  Cruveilhier  we  may  feel  assured 
from  the  admirable  illustrations  in  his  famous  "  Anatomie  Pathologique," 
that  he  at  least  had  encountered  before  1835  some  four  or  five  examples 
in  the  course  of  his  extensive  post-mortem  studies. 

As  these,  or  similar  tumours,  were  then  known  occasionally  to 
involve  and  absorb  the  adjacent  bone,  a  lively  discussion  had  arisen  as 
to  whether  they  took  their  origin  from  the  diploe  or  dura,  and  if  from 
the  dura  whether  from  its  internal  or  external  surface.  Earlier  writers 
had  referred  to  the  lesion  as  a  fungus  duras  matris,  a  term  which  has 
survived  to  our  times ;  but  Cruveilhier  substituted  for  this  the  designa- 
tion tumeurs  cancereuses  des  meninges,  thereby  reflecting  the  pathology 
of  his  day,  and  as  late  as  1858  we  find  R.  Bennett  in  this  country  using 
the  term  epithelial  cancer  for  these  meningeal  tumours.  Such  epithets 
as  these,  however,  could  not  survive  the  advent  of  the  morbid  anatomist 
armed  with  the  microscope  and  aniline  dyes,  nor  in  turn  the  embryo- 
logist  with  his  classification  of  tissues. 

In  the  early  days  of  histological  pathology  which  had  such  an 
impetus  in  the  'fifties  and  which  Sir  James  Paget  in  this  country,  the 
pupils  of  Johannes  Miiller  in  Germany,  and  Hermann  Lebert,  a  disciple 
of  Dupuytren,  in  Paris,  had  done  so  much  to  advance,  it  was  customary 
to  give  descriptive  designations  to  tumours.  In  1854,  in  his.  celebrated 
lectures  on  surgical  pathology,  Paget  confessed  his  inability  satisfac- 
torily to  classify  the  large  group  of  tumours  "  less  malignant  than 
cancer,"  to  which  Lebert  had  given  the  name  tumeurs  fihro-plastiques. 

'  The  Cavendish  Lecture,  delivered  before  the  West  London  Medico-Chirurgical  Society, 
June  13,  1922. 
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He  suggested  the  term  myeloid  or  "  marrow-like."  ^  Billroth  in  1856 
gave  the  name  cijlindroma  to  a  growth  of  the  orbit  which  showed  a 
peculiar  tubular  form  of  hyaline  deposition,  and  at  about  the  same  time 
another  term,  still  in  common  use  for  certain  growths  in  which  so- 
called  "  brain-sand  "  abounds,  was  first  employed  by  Virchow.  He  had 
been  among  the  first  to  call  attention  to  the  calcareous  granules  which, 
unrelated  to  any  tumour  growth,  are  found  deposited  in  various  situa- 
tions in  the  cerebral  appendages  and  meningeal  envelopes.  Though 
uncertain  of  their  nature  and  origin,  on  finding  these  "sand-bodies" 
prevalent  in  two  small  dural  tumours  which  had  come  to  his  attention, 
one  arising  from  the  olfactory  groove  and  the  other  from  the  porus 
acusticus,  he  named  ihem.  psammoma.- 

Thus,  names  which  are  merely  descriptive  of  degenerative  processes 
of  common  occurrence  in  the  tumours  in  question  have  since  come  to 
be  widely  employed. 

At  about  this  time  there  was  a  tendency  among  French  writers, 
notably  by  Bouchard  (1864),  and  by  Eobin  [21],  to  substitute 
epithelioma  for  Lebert's  "  tumeur  fibro-plastique,"  and  when  one 
considers  that  Robin  was  employing  the  current  terminology  for  the 
lining  of  the  serous  spaces  and  vessels,  and  that  he  regarded  the  cells 
of  the  arachnoid  as  the  source  of  origin  of  the  growths,  he  deserves  due 
credit  for  his  views.  This,  however,  was  brushed  aside  by  the  greater 
authority  of  Rudolph  Virchow. 

In  his  classical  "  Vorlesungen  "  [23],  though  making  some  excep- 
tions in  regard  to  the  psammomas,  Virchow  incorporated  the  tumours 
in  question  under  the  term  Sarkome  der  Dura  mater,  and  they  continue 
for  the  most  part  to  be  so  classified.  However,  in  spite  of  their  tendency 
to  invade  or  absorb  the  bone,  it  came  to  be  recognized  that  they  were 
benign  lesions  of  a  peculiar  histogenesis  for  which  the  designation 
sarcoma  was  inappropriate  and  misleading,  and  by  the  'seventies  this, 
in  its  turn,  had   begun  to  be  qualified.     Accordingly,   such    terms    as 

I  In  his  celebrated  "Anatomie  Pathologique  Generale,"  Paris,  1857  and  1861,  Lebert  describes 
and  pictures  as  fibro-plastic  tumours  of  the  dura  a  few  examples  of  the.se  lesions,  and  in  his 
"  Surgical  Pathology,"  Paget  cites  a  most  extraordinary  example  of  a  myeloid  tumour  which 
must  have  been  a  widespread  bilateral  and  parasagittal  meningioma  with  extensive  hyper- 
ostosis cranei.     The  preparation  is  still  in  the  Museum  of  St.  Bartholomew's  Hospital. 

-Virchow  came  to  regret  the  introduction  (1859)  of  this  term,  because  of  its  misuse  by 
others.  In  a  later  article  [24]  he  expressly  states  that  an  epithelial  or  endothelial  tumour 
containing  concrements  is  not  a  psammoma,  that  true  psammomas  have  a  connective  tissue 
groundwork.  This  statement  merely  added  to  the  existing  confusion,  though  it  is  fair  to  say 
that  psammoma  bodies  are  apt  to  be  more  numerous  in  the  older  and  more  fibrous  forms  of 
meningeal  tumours. 
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alveolar  sarcoma  came  into  use,  and  in  France  Cornil  with  Ranvier 
substituted  sarcome  angiolitique  for  Virchow's  psammoma.  But  the 
term,  sarcoma,  however  qualified,  could  not  permanently  survive  the 
changing  terminology  of  the  embryologists. 

Camillo  Golgi,  in  an  important  article  published  in  1869  [14], 
called  attention  to  the  existing  confusion  in  regard  to  these  tumours. 
He  had  an  opportunity  to  study  two  specimens,  one  of  which  was  a 
typical  tumour  of  the  ethmoid  region,  which  had  come  to  light  at 
autopsy  in  the  hospital  at  Pavia,  and  he  was  the  first  to  suggest  the  term 
endothelioma  out  of  consideration  for  the  employment  by  His  of  the 
word  endothelium  as  opposed  to  epithelium.  Thus,  the  simple  term 
endothelioma  was  introduced  in  Italy,  whence  it  has  gradually  made 
its  way  into  other  countries,  but,  unfortunately,  even  in  the  country  of 
its  birth,  cumbersome  word-combinations  soon  became  attached  to  it. 
Bizzozero  and  Bozzolo  [4],  for  example,  soon  subdivided  the  dural 
endotheliomas  into  three  types,  as  sarcoma  endothelioides  alveolare, 
sarcoma  endothelioides  fasciculatuvi,  and  fibroma  endothelioides, 
according  to  the  manner  in  which  the  connective  tissue  elements 
behave  in  their  relation  to  the  endothelial  cell  nests,  and  whether 
endothelial  or  fibroblastic  elements  predominate.  In  this  fashion, 
during  the  fifty  years  which  have  since  passed,  pathologists  have  vied 
with  one  another  in  modifying  and  extending  the  qualification  "  endo- 
thelial "  to  a  wide  range  of  tumours  in  a  great  variety  of  situations, 
in  bone,  thyroid,  parotid,  ovary,  and  elsewhere,  into  peritheliomas, 
hsemangio-  and  lymphangio-endotheliomas,  and  so  on,  with  such  hair- 
splitting refinements  as  to  produce  histological  chaos. 

In  consequence  of  all  this,  the  striking  and  characteristic  intra- 
cranial growths  we  are  considering,  to  which  many  of  these  names 
were  first  attached,  have  become  so  obscured  by  a  multiplicity  of 
designations  that  it  is  highly  desirable  to  rescue  and  to  re-assemble 
them  under  some  simple  caption.  For  this,  Golgi's  term,  which  has  in 
later  days  gradually  come  to  prevail,  might  suffice  ;  but  even  this  is 
now  of  questionable  advantage,  for  it  seems  quite  probable  that,  though 
attached  to  the  dura,  the  tumours  do  not  arise  from  this  membrane 
proper,  but  rather  from  elements  of  the  arachnoid  which  project  into 
it ;  nor  are  they,  in  the  parlance  of  some  embryologists,  tumours  which, 
strictly  speaking,  actually  originate  from  what  are  to  be  considered 
endothelial  elements. 

Not  everyone  has  adopted  Minot's  "  mesothelium "  even  for  the 
cells  Hning  the  serous  cavities,  and  it  is  quite  evident  that  he  had  no 
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intention  of  including  the  meningeal  spaces  in  this  category,  as  some 
appear  to  have  taken  for  granted.  However,  should  the  term  be  thus 
extended,  and  many  anatomists  so  employ  it,  aracJmo ideal  meso- 
theliomas would  be  the  proper  name  for  these  tumours.  But  even  if 
correct,  this  designation  is  too  cumbersome  for  convenience,  and  it 
would  seem  best  to  sweep  all  these  terms  aside  and  adopt  a  label  which 
is  simple,  and  at  the  same  time  non-committal,  except  in  so  far  as  it 
indicates  that  the  growths  in  question  arise  from  the  meninges.  For 
this  purpose  the  term  meningothelioma  was  first  proposed,  but  it  has, 
on  further  consideration,^  been  shortened  to  meningioma.  This  word, 
consequently,  will  be  used  to  indicate  the  entire  group  of  tumours 
which  appear  to  arise  from  the  pachymeninx,  whether  mesothelial  or 
fibrous  elements  predominate ;  whether  the  overlying  bone  shows 
hyperostosis  or  is  unchanged  ;  whether  the  growth  is  pedunculated  or 
fiat  and  widespread,  and  regardless  of  the  degenerative  changes  and  the 
presence  or  otherwise  of  psammoma  granules. 

These  tumours,  the  meningiomas,  have,  as  we  shall  see,  favourite 
seats  of  origin  and,  though  they  may  differ  considerably  in  their 
histological  picture,  they  are,  as  a  rule,  easily  recognizable  not  only  by 
their  gross  appearance  but  because  of  the  fact  that  the  stalk  from 
which  in  their  simpler  form  they  seem  to  arise  is  so  intimately  incor- 
porated with  the  dura  that  they  appear  to  originate  from  it.""^ 


'  A  note  regarding  the  derivation  of  "  thelium  "  and  its  combinations  may  not  be  amiss,  and 
for  the  basis  of  what  follows  I  am  indebted  to  my  colleague  Frederick  T.  Lewis.  The  term 
epitlielis  (from  eiri  =  upon  ;  erjX-n  =  the  nipple)  appears  to  have  been  introduced  by  Ruysch 
early  in  the  eighteenth  century,  and  was  first  used  for  that  transitional  part  of  the  epiderm 
at  the  lips  and  nipple — though  in  time  "  epithelium  "  came  to  be  generally  used  not  only  for 
the  two  peripheral  germ  layers  but  for  the  lining  of  the  serous  and  vascular  spaces  as  well. 
In  1865  the  word  endothelium  was  first  used  by  His  as  a  designation  for  the  lining  membrane 
of  these  cavities  arising  from  mesenchymal  cells  within  the  middle  germ  layer,  and  the  term 
has  come  into  general  use  not  only  for  blood-vessels  and  lymphatics  but  all  serous  cavities  as 
well.  Kolliker  in  1882  had  used  the  term  mesepitlieliiun  for  the  lining  of  the  body  cavities 
and  urogenital  epithelium,  reserving  the  term  endothelium  for  the  vessels,  synovial  cavities, 
meninges,  and  so  on  ;  and  to  the  same  tissues  Miuot  a  few  years  later  gave  the  name 
mesothclnun.  All  three  terms,  epi-,  endo-,  and  mesotheliinn,  would  appear  to  be  unfortunate 
in  view  of  their  derivation  in  part  from  07]Ki),  but  they,  nevertheless,  have  come  to  convey 
an  idea. 

-  There  are  a  few  tumours  which  possibly  are  allied  to  the  meningiomas,  but  which  have 
no  dural  connection  ;  they  appear  to  arise  from  the  pia.  They  are  rare  tumours  of  an 
angiomatous  nature,  whereas  those  under  discussion  are  relatively  non-vascular.  Another 
still  more  rare  tumour  (particularly  so  in  man)  is  the  so-called  cholesteatoma  of  the  choroid 
plexus.  It  is  actually  an  endothelioma  with  extensive  psammoma  deposit,  and  is  often 
bilateral. 
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Incidence. 

Some  years  ago  all  of  the  material  relating  to  the  several  menin- 
giomas, intraspinal  as  well  as  intracranial,  then  included  in  my  tumour 
series,  was  gathered  with  the  intent  of  publishing  in  detail  our  clinical 
and  operative  experiences  with  these  interesting  lesions.  This  project, 
however,  was  interrupted  by  the  discovery  that  the  acoustic  tumours 
(neurinomas  of  Verocay),  which  in  several  instances  had  been  diagnosed 
as  fibro-endotheliomas,  were  distinctive  tumours  of  an  entirely  different 
order.  The  "  endotheliomas  "  were  consequently  dropped  for  the  time 
being,  in  order  to  make  a  more  thorough  study  of  the  tumours  originat- 
ing from  the  eighth  cranial  nerve,  commonly  described,  in  view  of  their 
location,  as  tumours  of  the  cerebello-pontile  angle. 

In  a  monograph  ultimately  published  on  the  subject  of  the  acoustic 
tumours  [8]  it  was  pointed  out  that  these  lesions  when  bilateral  are  not 
infrequently  accompanied  by  multiple  small  meningeal  endotheliomas, 
so  that  tumours  of  these  two  types  (neurinoma  and  meningioma)  are  in 
certain  respects  related.  Nevertheless,  it  is  far  more  usual  for  one  or 
the  other  to  occur  in  isolated  form,  and  until  something  more  is  learned 
of  a  common  aetiological  factor  it  is  undoubtedly  best  to  consider  them 
apart  and  as  distinctive  lesions. 

The  time  has  long  since  passed  when  we  could  hope  to  advance  our 
knowledge  of  intracranial  tumours  to  any  great  extent  by  considering 
them  as  a  whole.  Even  their  mechanical  or  pressure  effects,  which 
might  be  expected  to  be  more  or  less  similar  in  all  cases  because  of  the 
rigid  character  of  the  bony  chamber  within  which  they  arise,  differ 
widely,  and  it  is  notably  true  of  these  meningiomas  that  they  may 
attain  a  huge  size  without  giving  rise  to  any  of  the  so-called  cardinal 
symptoms  of  tumour,  notably  headaches  and  objective  changes  in  the 
eye-grounds. 

Intracranial  tumours,  indeed,  are  so  protean  in  form  ;  they  behave 
in  such  different  ways  ;  they  provoke  such  varied  clinical  pictures  ;  and 
the  proper  method  of  dealing  with  many  of  them,  even  when  they  are 
exposed  by  an  operation,  is  in  many  cases  still  so  problematical,  that 
our  only  hope  for  progress  is  to  particularize  on  certain  groups  of  cases. 

There  are  three  ways  in  which  a  large  material  such  as  is  before  us 
may  be  profitably  attacked.  We  may  (1)  concentrate  our  attention 
upon  tumours  of  certain  histogenetic  types  whatever  their  situation  ; 
(2)  we  may  study  tumours  of  all  types  in  a  given  situation ;  or  (3)  what 
is  perhaps  better  still,  we  may  restrict  our  analysis,  as  was  done  with 
the  acoustic  tumours,  to  tumours  of  a  single  type  in  a  given  situation. 
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Only  by  the  adoption  of  one  of  these  methods  can  one's  casual  acquaint- 
ance with  a  disorder,  made  at  the  bedside  or  operating  table,  ripen  into 
familiarity.  Each  has  its  advantages,  but  for  the  pur[)0ses  of  this 
particular  study  I  shall  adopt  the  first,  and  consider  the  meningiomas 
as  a  whole. 

Vekified  Meningiomas. 

On  various  occasions  an  explanation  has  been  given  of  the  system 
under  which  the  tumour  cases  of  my  clinic  are  classified.  They  are 
hsted  as  (1)  tumour  verified,  when  the  character  of  the  lesion  has  been 
histologically  determined  at  operation  or  autopsy  ;  as  (2)  tumour  un- 
verified, when  the  presence  of  a  growth  is  reasonably  certain  or,  indeed, 
when  it  may  actually  have  been  seen  but  without  removal  of  a  fragment 
for  verification  ;  and  as  (3)  tumour  susjject  to  include  those  cases  referred 
to  the  clinic  with  a  presumptive  diagnosis  of  tumour,  of  the  justification 
of  which  there  remains  considerable  doubt. 

In  our  present  connection  we  are  interested  only  in  the  751  verified 
intracranial  tumours,  and  without  going  into  the  detail,  unnecessary  for 
our  present  purposes,  of  distinguishing  between  the  various  sub-varieties 
of  gliomas,  adenomas,  and  so  on,  the  cases  may  be  tabulated  as  follows, 
in  order  to  indicate  the  ratio  of  the  meningiomas  to  other  main  tumour 
groups. 

Table  of  Verified  Intracranial  Tumours  to  March  15,  1922. 


Gliomas 

Adenomas  (chietiy  pituitary) 
Meningiomas 
Neurinomas  (acoustic) 
Congenital  tumours 
{a)  Suprasellar  tumours  (chiefly 

geal  pouch  origin) 
(b)  Cholesteatomas,    dermoids, 
tomas 
Granulomas 

(a)  Gummas    . . 

(b)  Tubercles  . . 
Papillomas  (choroid  plexus) 
Angiomas 

Metastatic  and  invasive    . . 
Miscellaneous  and  unclassified 


314  cases  (41  8  per  cent.) 


159 

jj 

(21-2       „ 

85 

)> 

(11-3       „ 

of  pharyn- 

28 

63 
40 

(8-4        „ 
(5-3 

and   tera- 

12 

12 

33 

cases 

(4 '4  per  cent 

21 

11 
7 

27 
12 

2ases 

(1-5  per  cent 
(0-9        ,, 
(3-G 
(1-6       „ 

751 


The  meningiomas,  as  can  be  seen,  stand  in  about  a  one-to-four  ratio 
to  the  gliomas  or  brain  tumours  proper,  and  if  we  add  to  this  intra- 
cranial group  of  eighty-five  cases  twelve  others  which  have  arisen  in 
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the  spinal  canal,  there  are,  at  the  time  of  writing,  nearly  100  tumours 
to  deal  with. 

Anything  like  a  complete  analysis  of  these  cases  would  far  exceed 
the  possibilities  of  a  single  address  if  the  innumerable  questions  which 
would  naturally  arise  were  answered  with  any  measure  of  completeness. 
The  interest  of  the  physician  and  neurologist  would  centre  on  the 
symptomatology  and  diagnosis-  -particularly  upon  the  mistakes  in 
diagnosis,  and  in  these  the  psychiatrist,  for  reasons  to  be  pointed  out, 
is  concerned  perhaps  more  than  any  other.  In  the  province  of  the 
ophthalmologist  lie  the  visual  field  distortions,  the  examples  of  unilateral 
exophthalmos,  and.  above  all,  the  changes — or  what  is  possibly  more 
important,  the  lack  of  changes — in  the  eye-grounds,  for  a  choked  disc 
may  be  absent  or  at  least  long  delayed  ;  on  the  other  hand,  in  the  supra- 
sellar lesions  a  primary  optic  atrophy  may  be  the  essential  guide  to  the 
site  of  the  lesion.  Some  of  the  tumours  originate  near  the  porus 
acusticus  with  loss  of  hearing  as  an  early  symptom,  and  so  concern  the 
otologist.  Others  which  arise  from  the  olfactory  groove  and  invade  the 
ethmoid  cells  come  into  the  province  of  the  rhinologist,  and  that  newest 
of  specialists,  the  endocrinologist,  doubtless  may  have  difficulty  in  dis- 
tinguishing primary  pituitary  disease  from  the  dyspituitarism  secondary 
to  one  of  these  growths  which  so  commonly  arise  from  the  meninges 
bridging  the  sella.  And,  last  of  all,  the  interests  of  the  surgeon  are  fo- 
cused on  the  methods  employed  for  the  removal,  particularly  of  the  more 
inacessible  of  these  tumours,  and  upon  the  end  results  which  may  be 
obtained.  Being  one  of  them  myself,  the  temptation  is  strong  to  yield 
to  the  desires  of  my  own  kind,  and  yet,  in  view  of  the  very  seriousness 
of  his  therapeutic  measures,  it  behoves  the  surgeon,  even  more  than 
others,  to  know  all  that  he  can  learn  regarding  the  origin,  site,  and 
characteristics  of  the  lesion  he  plans  to  attack  before  he  goes  into  action. 
I  propose,  therefore,  though  it  is  a  somewhat  less  exciting  story,  to  • 
confine  myself  on  this  occasion  largely  to  the  two  points  mentioned  in 
my  title — the  source,  and  the  seats  of  predilection  of  the  meningiomas. 

The  Source  of  the  Tumours. 

In  1911  an  opportunity  was  afforded  for  an  enlightening  post-mortem 
study  of  one  of  these  growths  which  had  been  undisturbed  by  previous 
operative  manipulations.  Including  three  spinal  tumours,  it  was  the 
fifteenth  case  in  the  series,  and  we  were  then  still  labouring  under  the 
impression  that  the  growths  took  origin  from   the  dura  and  were  of 
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various  kinds.  Most  of  the  preceding  tumours  had  possessed  a  broad 
base  of  meningeal  attachment,  and  until  this  case  no  particular  atten- 
tion had  been  paid  to  the  meninges  remote  from  the  lesion,  except  to 
note  the  presence  of  multiple  herniations  which  had  early  aroused  our 
interest. 


!PiG.    1. — Fragment-of  calvarium  overlying  point  of  origin  of  tumour,  showing  slight  invasion 
of  inner  table  without  hyperostosis.     (Arrows  show  groove  of  sinus  sagittalia.) 


The  patient,  a  woman  aged  41,  was  admitted  to  the  John  Hopkins  Hospital 
in  a  profound  stupor,  obviously  in  the  terminal  stage  of  compression  from  a 
brain  tumour.  An  incomplete  story  was  secured  from  a  relative,  of  headaches 
for  many  years,  of  five  months'  confinement  in  bed  with  increasing  disability  of 
her  left  side,  of  progressive  mental  impairment,  and  finally  of  somnolence. 
She  succumbed  twenty-four  hours  after  a  first-stage  osteoplastic  procedure, 
at  which  time  the  dura  was  not  opened.  Had  her  condition  at  this  first 
session  justified  a  more  prolonged  exploration  with  exposure  of  the  brain,  the 
tumour  would  in  all  probability  not  have  been  disclosed,  in  view  of  its  small 
surface  area  confined  to  the  mesial  edge  of  the  hemisphere. 

As  is  our  custom  at  autopsy  when  circumstances  permit,  the  hrain  was 
fixed  before  removal  by  a  formalin  perfusion  through  tlie  carotids  in  order  to 
preserve  the  pre-existing  distortions  wliich  are  otherwise  considerably  modi- 
fied. On  removal  of  the  calvarium  there  was  disclosed,  about  5  cm.  anterior 
to  the  Eolandie   point,  a  small  area    (fig.    l)   overlapping  the  groove  of  the 


Fig.  2.— Coronal  section  through  tumour,  viewed  from  before,  showing  great  dislocation 

of  falx  and  corpus  callosum. 


Fig.  3.  — Coronal  section  viewed  from  behind,  showing  cavity  occupied  by  the  tumour 
and  its  only  point  of  attachment  under  the  lateral  expansion  of  the  sinus  and  at  the  angle  of 
the  falx. 
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sagittal  sinus  where  the  dura  was  adherent.  The  brain  was  removed,  so  far 
as  possible,  with  its  daral  envelope  intact,  and  a  coronal  section,  through  the 
point  where  the  adhesions  had  been  noted,  transected  a  large  tumour  (tig.  2). 
of  about  150  grm.  weight,  which  had  greatly  deformed  the  hemisphere,  and 
practically  obliterated  the  ventricles.  Except  for  the  small  stalk,  from  which 
the  growth  evidently  arose,  situated  in  the  parasagittal  angle  and  underlying  the 
parasinoidal  expansion  of  the  sinus,  the  tumour  was  nowhere  adherent  (fig.  3). 
Hence,  though  apparently  within,  it  actually  lay  outside  of  the  hemisphere, 
w^hose  pial  covering  remained  intact  over  the  deformed  convolutions. 

Microscopic  sections  through  the  point  of  meningeal  attachment  showed 
(fig.  4)  that  the  tumour  had  invaded  the  sinus  without  thrombosing  it,  and 
though  traces  of  the  intervening  dura  still  remained,  it  had  been  so  effectually 
destroyed  that  to  regard  the  sinus  wall  as  the  starting-point  of  the  growth  was 
an  inevital)le  conclusion. 
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Fig.  4.  — Section  from  area  of  attachment  (squared  area  of  fig.  3),  showing  invasion  of 
sinus  by  tumour  on  right,  and  on  left  the  arachnoid  villi  and  cell  clusters. 


The  lesion  itself  presented  in  different  areas  a  most  varied  appearance.  In 
some  areas  (fig.  5)  it  had  a  fibromyxomatous  appearance,  but  for  the  most 
part  (fig.  6)  there  were  masses  of  endothelial  cells  with  a  more  or  less  well- 
marked  alveolar  arrangement  surrounded  by  bands  of  fibrous  tissue,  the  cells 
of  which  in  some  places  formed  large  fibrous  whorls.  Many  areas  showed 
extensive  hyaline  degeneration,  and  psammoma  bodies  together  with  so-called 
corpora  amylacea  were  in  abundance. 

There  is  nothing  unusual  in  the  foregoing  description  of  this  par- 
ticular   tumour,    for    which    a    variety    of  names  might    be  used.      It 
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Fig.  5. — Fibromyxomatous  area  (mag.  x  100). 


Fig.  G. — Endothelial  cell  alveola  with  fibrous  whorls,  psammoma  bodies  and  hyaline 

areas  (mag.   x  100). 
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would  probably  deserve  the  term  fibro-myxo-endothelio-sarcoma,  and 
its  seeming  invasion  of  dura  and  bone  would  justify  the  assumption  that 
it  had  malignant  qualities  which  in  time  might  have  produced  meta- 
stases. The  whole  story  is  essentially  commonplace,  and  tumours  of 
corresponding  nature,  beyond  enumeration,  have  from  time  to  time  been 
reported  in  the  literature. 


Fid.  7. — Showing  an  arachnoid  villus  projecting  through  dura  into  sinus.     Also  nests 
oi  arachnoid  cells  and  psammona  hody  lying  within  dura.     (Area  circled  in  fig.  4.) 

But  something  apart  from  all  this,  of  importance  in  our  present 
connection,  was  observed  in  the  meninges  remote  from  the  tumour.  As 
already  mentioned,  the  brain  after  fixation '  had  been  removed  with  its 

1  A  word  in  regard  to  this  may  not  be  amiss,  for  I  believe  that  nothing  has  served  to  further 
our  understanding  of  the  mechanical  effects  of  tumours  so  much  as  the  abandonment  of 
the  time-honoured  method  of  handling  and  sectioning  the  unhardened  brain  at  autopsy 
after  removing  the  calvarium  and  stripping  off  the  dura.  This  unfortunate  procedure,  which 
is  still  an  habitual  one,  has  done  much  to  delay  our  knowledge,  particularly  of  the  secondary 
disorders  in  cases  of  brain  tumour  which  concern  the  cerebrospinal  fluid  pathway  in 
ventricles,  cysterna?  and  leptomeuinges.  For  not  only  is  the  tumour  topography  largely 
altered  if  fluid  escapes  before  the  tissue  has  been  fixed,  but  with  the  meninges  stripped  from 
the  brain  there  has  been  little  incentive  in  the  past  to  study  them  in  their  relation  to  the 
adjacent  cortex. 

BRAIN — VOL.  XLV.  20 


294 


ORIGINAL   ARTICLES   AND   CLINICAL   CASES 


meninges  largely  intact,  and  sections  through  the  unusually  small  stalk 
of  the  tumour  gave  a  definite  clue  to  the  histogenesis  of  the  lesion. 
Projecting  into  the  sinus  on  the  side  of  the  uninvolved  hemisphere 
were  a  number  of  hypertrophied  arachnoid  villi  (fig.  7),  capped  by 
clusters  of  endothelial  cells  of  precisely  the  same  character  and  staining 
reactions  as  those  of  the  alveolated  masses  of  cells  comprising  the 
bulk  of  the  tumour.  Many  of  these  cell-clusters  disclosed  in  the  dura 
showed  a  tendency  to  the  familiar  whorl  formation  (fig.  8),  and  in 
association  with  them  were  psammoma  bodies  in  considerable  numbers. 


f 


^  ■    B 


Fig.  8. 


-Showing  typical  cluster  of  arachnoid  colls  arranged  in  whorls  and  lying  within- 
dural  layers  remote  from  tumour. 


In  short,  scattered  through  the  uninvolved  and  presumably  normal 
meninges  were  all  the  elemerrts  characterizing  the  tumour  proper, 
these  elements  being  of  arachnoidal  rather  than  of  dural  origin,  though 
encased  within  the  latter  membrane. 

This  observation,  so  enlightening  to  us  eleven  years  ago,  proved,  as 
will  be  seen,  to  be  by  no  means  an  original  one.  It  gave  us,  neverthe- 
less, a  new  conception  of  the  possible  source  of  origin  of  these  inter- 
esting tumours  and  suggested  studies  in  two  directions,  the  first  of 
which  might  not  have  been  so  vigorously  pursued  had  we  then  been. 
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aware  that  our  views  were  far  from  being  novel.  We  undertook,  on 
the  one  hand,  a  detailed  study  of  the  meninges  in  areas  distant  from 
the  tumour  in  all  similar  meningeal  growths  ;  on  the  other  hand,  we 
began  to  investigate  the  arachnoid  villi,  and  this  in  due  course  led  us 
into  a  consideration  of  the  cerebrospinal  fluid  circulation  as  a  whole. 

During  the  first  two  years  after  my  transfer  in  1912  to  Boston, 
these  studies,  which  had  been  started  in  the  Hunterian  Laboratory  at 
the  Johns  Hopkins  some  time  before,  were  continued  in  collaboration 
with  Lewis  H.  Weed  in  the  Laboratory  of  Surgical  Research  at 
Harvard,  and  due  largely  to  his  unusual  gifts  as  an  investigator  con- 
siderable progress  was  made.  In  the  series  of  papers  which  were 
published  in  1914  [10] ,  special  attention  was  paid  to  the  arachnoid 
villi  whose  function  as  points  of  escape  for  the  fluid  from  the  arachnoid 
spaces  into  the  dural  sinuses,  though  previously  surmised,  Weed,  for 
the  first  time  I  believe,  conclusively  demonstrated.^  The  villi,  in 
short,  appeared  to  us  to  play  a  far  more  important  physiological  role 
than  had  been  commonly  ascribed  to  them.  But  before  considering 
further  this  aspect  of  the  subject  and  its  bearings  upon  the  tumour 
question,  it  is  proper  to  make  due  acknowledgment  to  at  least  three 
authors  by  whom  our  views  regarding  the  origin  of  these  tumours 
proved  to  have  been  anticipated.  It  is  not  at  all  unlikely  that  there 
may  have  been  others  who  have  expressed  similar  ideas  in  papers  under 
obscure  titles  which  have  not  come  to  my  attention. 

In  a  brief  article  published  in  1864,  John  Cleland  [7],  late  Professor 
of  Anatomy  in  Glasgow,  set  forth  with  prescience,  the  more  remarkable 
when  one  considers  the  source  of  his  material  for  study,  the  view  that 
two  tumours  which  he  had  found  in  the  dissecting  room,  one  of  them 
arising  from  the  cribriform  plate  and  the  other  from  the  right  frontal 
region  adjacent  to  the  superior  longitudinal  sinus,  took  their  origin  from 
the  arachnoid  rather  than  the  dura.  He  observed  that  in  structure 
they  resembled  the  Pacchionian  granulations  in  a  number  of  points  ; 
that  connective  tissue  bands  ran  through  them,  that  concretions  were 
present  in  both  tumours,  and  new  bone  formation  in  one  of  them.  In 
pointing  out  the  proximity  of  these  tumours  to  the  falx,  he  mentioned 
the  bony  plaques  often  found  attached  to  this  membrane,  and  in  agree- 

1  On  bis  return  to  Baltimore,  Weed's  further  pursuit  of  these  investigations  led,  among 
other  papers,  to  the  publication  of  his  monograph  ("  The  Development  of  the  Cerebrospinal 
Spaces  in  Pig  and  Man."  Contributions  to  Embryology,  No.  14.  Carnegie  Institution  of 
Washington,  Publication  225,  1917)  on  the  development  of  the  arachnoid,  which  represents 
the  most  important  advance  in  our  knowledge  of  the  meninges  since  the  classical  work  of 
Key  and  Retzius. 
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ment  with  Rokitansky  attributed  them  also  to  the  arachnoid  rather 
than  to  the  dura.  Similarly,  Ch.  Robin  [21]  in  France,  described  in 
1869  two  tumours  likewise  met  with  in  the  dissecting  room.  He  also 
attributed  them  to  the  arachnoid,  and  in  a  long  and  scholarly  article 
made  a  strong  plea  for  their  epithelial  origin. 

In  another  more  extensive  study  published  ten  years  before  our 
interest  in  the  matter  was  first  awakened,  Martin  B.  Schmidt,  of 
Zurich  [22] ,  likewise  called  attention  to  the  probable  relation  of  the 
Pacchionian  granulations  to  the  so-called  sarcomas  and  psammomas  of 
the  dura.  In  the  course  of  his  post-mortem  examinations  Schmidt  had 
chanced  to  encounter  twelve  small  meningeal  tumours  which  he  made 
the  subject  of  special  study.  He  was  led  to  make  a  thorough  histo- 
logical survey  of  the  meninges,  and  gave  the  first  clear  description  of 
the  microscopic  islands  of  endothelial  cells  (Zellzapfen)  which  are  found 
between  the  layers  of  the  dura,  in  numbers  which  increase  with 
advancing  age  in  practically  all  individuals.^  He  recognized  that  these 
cell  masses  are  related  to  the  arachnoid  tufts  or  villi,  that  they  are 
themselves  unquestionably  of  arachnoid  origin,  that  they  have  certain 
seats  of  predilection,  and,  inasmuch  as  the  cells  comprising  them  were 
identical  with  those  in  the  small  tumours  he  had  studied,  he  came  to 
the  same  conclusion  that  Cleland  and  Robin,  on  less  sufficient  evidence, 
had  reached  years  before,  that  they  were  the  starting-point  of  these 
growths  which,  therefore,  strictly  speaking,  have  a  leptomeningeal 
rather  than  pachymeningeal  origin. 

In  medicine  perhaps  more  than  in  other  walks,  discoveries  are 
constantly  being  re-made  and  views  being  readvanced,  for  knowledge 
spreads  slowly  and  facts  once  known  and  recorded  are  easily  overlooked 
or  forgotten.  In  1915,  in  the  last  of  our  series  of  papers  on  the 
cerebrospinal  fluid  and  its  pathway,  a  paper  chiefly  devoted  to  the 
calcareous  and  osseous  deposits  associated  with  a  cellular  hyperplasia 
of  the  arachnoid  [11],  we  in  turn  put  forward  as  novel  precisely  the 
same  views  Cleland  had  advanced  fifty  years  before  regarding  the 
derivation  of  these  tumours  from  the   arachnoid  cell   clusters.      Five 

'  Others  had  observed  these  cell  masses  before  Schmidt.  They  had  possibly  been  seen  long 
before  by  Rainey  [20] ,  who  imagined  them  to  be  ganglionic  structures  which  regulated  the 
blood  supply  of  the  cerebral  vessels.  Fifteen  years  later  Ludwig  Meyer  [18]  [19]  in  a  more 
accurate  study  of  the  meninges  in  cases  of  dementia  referred  to  them  as  "  epithelial  granula- 
tions." Meyer  recognized  their  relation  to  the  arachnoid,  noted  the  calcareous  deposits 
which  Virchow  later  named,  and  pointed  out  the  relation  of  these  cell  clusters  to  the  bodies 
of  Pacchioni,  which  Luschka  [16]  a  few  years  before  had  conclusively  shown  to  be  of 
arachnoid  origin. 
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years  later,  Mallory  [17]  re-advanced  the  same  views,  and  designated 
the  tumours  with  the  histological  aspects  of  which  he  was  chiefly  con- 
cerned, as  arachnoid  fibroblastomas.  Weed  in  the  same  year,  though  more 
interested  in  the  physiological  role  of  the  membrane  as  a  fluid  container, 
nevertheless  presented  a  convincing  series  of  pictures  from  the  meninges 
of  the  cat,  showing  that  the  clusters  of  cells  may  range  from  a  moderate 
hypertrophy  to  actual  tumours,  in  which  most  of  the  characteristic 
degenerative  changes  of  these  growths,  as  met  with  in  man,  occur. 

Multiple  Cerebral  Herniations. 

There  is  another  matter  relating  to  the  arachnoid  villi,  apart  from 
their  histological  characteristics  and  their  possible  relation  to  tumours, 
which  had  engaged  the  attention  of  a  few  pathologists.  In  1870,  before 
the  Wiirtzburger  Medical  Society,  von  Recklinghausen  exhibited  as  a 
curiosity  a  brain  from  a  case  of  cerebral  tumour  in  which  small  bits  of 
cerebral  substance,  projecting  into  minute  openings  of  the  dura,  more 
especially  over  the  temporal  lobe,  had  been  torn  off  in  the  course  of  its 
removal.  These  minute  lesions  he  recognized  as  multiple  hernias  of 
the  cerebral  substance.  They  had  been  observed  by  others  long  before 
him,  by  Cruveilhier  for  example,  but  no  particular  significance  had  been 
attached  to  them. 

The  matter  excited  no  great  interest  until  twenty  years  later  when 
Benecke  [2]  reported  as  a  great  rarity  two  further  cases  showing  these 
herniations,  which  he  attributed  to  pressure.  He  pointed  out  that 
nests  of  endothelial  cells  were  invariably  present  somewhere  on  the 
surface  of  the  minute  cerebral  protrusions,  and  this  led  him  to  recognize 
their  relation  to  the  Pacchionian  granulations. 

Though  in  1901  four  other  cases  were  incidentally  recorded  by 
Blasius  [6]  from  Benecke's  laboratory,  the  first  thorough  study  of  these 
lesions  was  published  in  1908  by  S.  Burt  Wolbach  [28]  who  had 
observed  them  in  a  series  of  cases  in  which  there  had  been  tension,  not, 
however,  always  due  to  tumour.  Wolbach  emphasized  what  is 
important  in  our  present  connection  that  the  herniations  occur  in  the 
regions  where  the  normal  arachnoid  villi  abound,  a  fact  which  carries 
with  it  the  implication  that  the  dural  venous  sinuses  and  their  main 
branches  are  to  be  found  in  the  same  situations.  He  showed,  further-^ 
more,  as  did  Schmidt,  that  these  are  microscopic  or  what  one  might 
call  potential  Pacchionian  granulations,  and  concluded  that  "  the 
multiple  hernias  of  cerebrum  and  cerebellum  always  enter  the  dura 
through  fissures  occupied  by  arachnoid  villi." 
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Though  Schmidt  himself  published  nothing  further  on  the  subject 
of  the  Zellzapfen,  his  interest  evidently  did  not  lag,  for  at  least  two 
|)apers,  bearing  on  these  matters,  appear  to  have  emanated  from  his 
laboratory.  The  first  of  them  by  Sophie  Wojno  ['27]  was  on  this 
subject  of  cerebral  herniations  which  she  recognized  as  occurring  in  the 
villi ;  but  she  dwelt  chiefly  on  the  fact  that  they  may  be  found  in  con- 
ditions unrelated  to  tumour  and  attributed  them,  it  would  seem,  to 
defects  in  the  pia  subjacent  to  the  villi,  which  thereby  permit  the 
herniations  to  take  place. 

It  may  be  recalled  that  all  but  one  of  the  twelve  meningiomas 
Schmidt  had  described  were  small  growths  and  accidental  post-mortem 
findings.  Nevertheless,  even  under  these  conditions  he  had  observed 
some  of  these  herniations,  more  especially  in  the  middle  cerebral  fossa. 
Apparently,  therefore,  he  and  his  pupil  were  on  the  look-out  for  some 
explanation  for  them  other  than  tension.  They  consequently  were 
regarded  as  "  physiological "  herniations  rather  than  pressure 
phenomena,  and  were  attributed  by  Wojno  to  leptomeningeal  defects. 

There  is,  it  seems  to  me,  a  much  more  plausible  explanation  of  the 
presence  of  these  herniations  when  there  is  no  demonstrable  increase  of 
intracranial  tension — a  matter  indeed  very  difficult  to  gauge  by  post- 
mortem appearances  alone.  In  view  of  what  we  now  know  of  the  ease 
with  which  the  brain  takes  up  fluid  and  becomes  oedematous,  there  are 
probably  few  individuals  who  with  advancing  years  escape  from  periods 
of  increased  intracranial  tension  due  to  one  cause  or  another.  These 
must  be  particularly  common  in  association  with  arterio-vascular 
disorders,  and  it  is  easily  conceivable  that  the  arachnoid  villi  under  these 
circumstances  may  not  only  become  hypertrophied  into  visible 
Pacchionian  granulations,  but  that  actual  herniations  may  occur 
and  subsequently  recede  with  the  subsidence  of  the  oedema.  Even  in 
the  presence  of  tumour  when  intracranial  pressure  is  relieved  by  with- 
drawal of  cerebrospinal  fluid,  by  the  intravenous  administration  of 
hypertonic  salt  solution,  or  more  permanently  by  a  generous  decom- 
pression, it  is  not  unlikely  that  these  minute  hernias  may  become 
reduced  just  as  may  the  large  hernias  which  protrude  through  operative 
defects  in  the  skull.  An  illustration  of  this  in  the  process  of  taking 
place  is  shown  in  the  accompanying  figure  (fig.  9).  The  condition 
came  to  light  during  the  study  of  the  meninges  of  a  patient  who  had 
been  operated  upon  over  the  cerebrum  through  an  error  in  diagnosis, 
when  in  reality  there  was  a  cerebellar  tumour  with  internal  hydro- 
cephalus and  great  tension.     A  cerebrospinal  leak  communicating  with 
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the  ventricle  occurred,  and  fatal  meningitis  was  the  result,  but  for  the 
few  days  before  death  there  was  a  complete  release  from  the  pre-existing 
supernormal  tension ;  and  at  autopsy  it  was  evident  even  to  the  naked 
eye  that  many  of  the  large  and  multiple  hernias  which  abounded  were 
being  withdrawn  from  their  pockets  in  the  arachnoid. 

These  minute  herniations,  as  a  matter  of  fact,  are  very  commonly 
produced  by  long-continued  states  of  increased  pressure.  That  they 
project  into  and  dilate  pre-existing  spaces  there  can  be  no  doubt,  and 
that  these  spaces  communicate  with  the  arachnoid  is  evident  from  the 
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Fig.  9. — A  cerebral  hernia  iu  the  process  of  withdrawal  from  an  arachnoid  villus. 


character  of  the  cells  lining  them.  What  interests  us  chiefly  at  this 
time  are  the  areas  in  which  they  are  most  commonly  observed,  since 
they  betray  the  situations  of  the  chief  arachnoid  villi  and  their  asso- 
ciated cell-clusters.  They  abound,  as  might  be  surmised,  along  the 
major  dural  sinuses  where  the  tentorium  and  falx  unite  with  the  dura 
over  the  cerebral  and  cerebellar  convexities,  but  they  are  also  to  be 
found  in  the  basal  meninges,  being  especially  common  over  the  tips  of 
the  temporal  lobes  and  in  the  region  of  the  Gasserian  ganglia,  where 
they  correspond  likewise  with  the  situation  of  the  venous  sinuses.  They 
can  be  best  studied  in  previously  hardened  brains  removed  with  their 
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envelopes  so  far  as  possible  intact ;  the  accompanying  figure  (fig.  10),  in 
which  the  relation  of  the  protrusions  to  the  branches  of  the  vasa 
raeningea  media  is  apparent,  gives  an  illustration  of  their  distribution 
over  the  convexity. 
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Fig.  10. — Showing  multiple  herniations,  projecting  through  the  dura  over  the  left 
hemisphere,  produced  by  pressure  due  to  a  large  suprasellar  endothelioma. 


Etiology. 

Why  should  these  cell-clusters  in  the  arachnoid  have  a  tendency  in 
middle  life  to  undergo  tumefaction  ?  An  answer  to  this  question,  owing 
to  the  many  and  wide  gaps  in  our  knowledge,  must  be  essentially 
speculative.  However,  some  approach  to  it  can  be  made.  As  in  other 
tumours,  the  more  obvious  factors  are  age,  congenital  predisposition, 
trauma  and  physiological  activity.  Schmidt's  original  observation  that 
the  cell-clusters  are  absent  or  difficult  to  demonstrate  in  infancy  and 
become  more  pronounced  with  increasing  age,  has  been  confirmed  by 
others.  In  this  connection  the  age  of  the  ninety-seven  patients  with 
meningiomas,  as  recorded  at  the  time  of  their  admission  to  hospital,  fall 
in  the  successive  decades  as  follows  : — 
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These  figures  naturally  represent  the  age  when  symptoms  had 
become  pronounced,  and  probably  an  average  of  five  or  ten  years  should 
be  subtracted  if  one  were  to  estimate  the  age  of  onset.  Nevertheless  it 
can  be  seen  that  these  tumours,  unlike  the  gliomas,  are  rare  in  the  first 
two  decades,  and  reach  their  maximum  in  the  fifth,  a  decade  at  least 
later  than  the  period  of  maximal  frequency  for  the  pituitary  adenomas 
and  the  acoustic  tumours. 

The  fact  that  in  cases  of  neurofibromatosis  (Recklinghausen's  disease), 
multiple  meningiomas  occasionally  co-exist  with  multiple  neuromas  of 
the  cranial  nerves,  suggests  that  some  congenital  fault  may  be  respon- 
sible. However,  they  occur  singly  with  far  greater  frequency. 
Curiously  enough,  they  bear  unmistakably  a  close  relation  to  trauma  of 
one  sort  or  another^  In  so  many  of  the  cases  in  the  series  has  a 
tumour  been  found  at  the  exact  situation  where  a  stunning  blow  had 
been  received  on  the  skull  years  before,  that  this  must  represent  some- 
thing more  than  mere  coincidence.  On  the  circumstantial  evidence  it 
is  tempting  to  assume  that  the  injury  has  bruised  the  meninges  and 
caused  an  extravasation,  to  aid  in  the  absorption  of  which  the  local 
cell-clusters  have  been  incited  into  a  state  of  morbid  activity.  It  is  not 
improbable,  too,  as  emphasized  by  Borst,  that  some  form  of  injury  other 
than  a  blow  may  serve  to  incite  a  pachymeningeal  reaction  and  lead  to 
tumour  growth.  In  one  of  the  cases  included  in  the  series,  an  unsus- 
pected frontal  endothelioma  was  found  post  mortem  associated  with  a 
subjacent  chronic  abscess.  Moreover,  psammomas  and  endotheliomas 
have  been  observed  by  Berger  [3],  Dufour  [12],  Henschen  [15],  and 
probably  by  others,  in  connection  with  old  cases  of  healed  spinal  tubercu- 
losis in  which  there  were  unmistakable  evidences  of  pachymeningitis. 
Henschen,  in  particular,  lays  great  stress  on  this  relationship  in 
reporting  a  case  which  showed  multiple  tumours.  They  have  been 
observed,  too,  in  association  with  pachymeningitis  interna  haemor- 
rhagica.  In  explanation  of  all  this  it  must  be  borne  in  mind  that  the 
cells    which    line  the  arachnoid  actually  represent  an  organ  of  great 

'  The  youngest  case  iu  the  series,  for  example,  a  boy  of  13,  with  a  100-grm.  meningioma 
which  originated  from  the  lower  margin  of  the  falx,  had  had  symptoms  for  five  years.  He 
had  received  at  birth  an  extensive  cranial  injury,  associated  in  all  probability  with  a  tea*  of 
the  falciform  membrane. 
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functional  potentialities.  It  is  here  that  the  studies  of  L.  H.  "Weed 
and  his  co-workers  have  thrown  a  guiding  light  on  the  subject,  for 
though  an  anatomist,  Weed's  interests  have  been  on  the  side  of 
function   rather  than   structure. 

To  state  the  matter  briefly,  the  arachnoid  villi  in  close  association 
with  which  the  cell-clusters  abound,  act  as  organic  filters  interposed  in 
the  pathway  of  the  cerebrospinal  fluid,  between  the  subarachnoid  spaces 
and  the  dural  sinuses.  Their  non-development  or  their  occlusion  by 
foreign  particles,  whether  the  product  of  injury  or  disease,  or  suspen- 
sions of  substances  such  as  lamp-black  introduced  artificially  into  the 
cerebrospinal  fluid,  will  lead  to  stasis  of  the  fluid  and  hydrocephalus, 
provided  the  occlusions  are  sufficiently  widespread  [26]. 

Furthermore,  the  cell-clusters  under  the  stimulus  of  these  injuries 
are  prone  to  hypertrophic  enlargement.  It  has  been  shown  by  Essick 
[13]  that  when  the  villi  are  experimentally  blocked  by  particulate 
matter,  whether  sterile  or  the  product  of  inflammatory  reaction,  the 
arachnoid  cells  proliferate  abundantly,  take  on  the  function  of  phago- 
cytes, and  even  become  free-moving  macrophages  in  the  subarachnoid 
spaces.  We  may  regard  these  cells,  therefore,  as  agents  which  play 
a  role  in  keeping  the  points  of  outlet  of  the  fluid  free  from  the 
mechanical  obstructions  produced  by  debris. 

It  is  conceivable,  therefore,  that  with  advancing  years  the  meso- 
thelial  cells  comprising  the  cell-clusters  are  called  upon  from  time  to 
time  to  undergo  periods  of  increased  functional  activity  in  their 
phagocytic  role,  after  which  they  remain  permanently  hypertrophic 
or  subsequently  undergo  the  characteristic  and  well-known  degenerative 
changes  to  which  they  seem  predisposed.  Hence  their  apparent 
increase  in  size  and  number  with  advancing  age.  On  the  other  hand^ 
some  of  the  cell-clusters,  possibly  in  consequence  of  these  periods  of 
activation,  show  neoplastic  tendencies  under  certain  circumstances 
obscurely  related  to  the  genesis  of  tumour  formation  in  general. 

The  Situation  of  the  Tumours. 

It  is  evident  from  what  has  gone  before,  that  at  least  four  observers 
between  1864  and  1920  have  independently  come  to  the  conclusion 
that  these  tumours,  herein  called  meningiomas,  are  derived  from  the 
arachnoid  cell-clusters.  The  relation  of  these  groups  of  mesothelial 
cells  to  the  functionating  villi  and  of  the  villi  to  the  dural  venous 
sinuses,  has  been  emphasized.     It  has  been  shown   further  that   the 
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places  where  the  villi  abound  is  indicated  by  the  distribution  of 
the  minute  cerebral  hernias  which  protrude  into  them  in  cases  of 
marked  intracranial  tension.  It  remains  to  be  seen  whether  there  is 
any  definite  correspondence  between  these  regions  and  the  points  of 
origin  of  the  tumours  themselves. 


Fig.  11.— From  Aoyagi  and  Kyuno,  showing  the  situations  of  the  cell  clusters. 


The  only  paper  on  this  subject,  to  my  knowledge,  was  published  in 
1912  by  Aoyagi  and  Kyuno  [1]  and  for  a  translation  from  the  Japanese 
I  am  indebted  to  Professor  Tanaka,  of  Okayama.  These  authors  made 
studies  of  the  dura  of  individuals  of  various  ages  to  determine  the 
seats  of  predilection  of  the  arachnoid  cell-clusters,  and  identified 
their  presence  in  the  following  situations  (fig.  11),  viz.,  along  the 
sinus  sagittalis  superior  ;  near  the  crista  galli ;  the  sinus  transversus  ; 
surrounding  N.  oculomotorius,  trochlearis,  abducens,  and  trigeminus  ; 
around  the  hypophysis ;  near  the  sella  turcica ;  the  plexus  basilaris ;  at 
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the  point  of  penetration  of  the  dura  by  the  third,  seventh,  ninth,  tenth, 
eleventh  and  twelfth  cerebral  nerves ;  and  also  at  the  points  of  pene- 
tration of  the  nerve-roots  of  the  cervical  spine. 

Furthermore,  they  gathered  from  the  literature  thirty-six  cases  of 
so-called  dural  tumour  (variously  termed  sarcoma,  psammoma,  endothe- 
lioma, sarcomatous  endothelioma,  spindle-cell  sarcoma,  &c.)  and  added 
three  cases  of  their  own,  all  evidently  "  meningiomas."  The  situations 
in  which  these  thirty-nine  tumours  were  reported  corresponded 
sufhciently  well  with  the  principal  locations  of  the  cell-clusters  to 
justify  the  conclusion  that  all  the  tumours — endotheliomas,  psammomas 
and  sarcomas  alike — arose  from  these  bodies. 

For  the  purpose  of  this  lecture,  the  accompanying  drawings  have 
been  made,  with  as  great  accuracy  as  our  records  of  operations  and  the 
study  of  autopsy  material  permits,  to  indicate  the  areas  of  dural  attach- 
ment of  the  meningiomas  in  my  personal  series.  It  must  be  admitted 
that  in  certain  cases  it  may  be  difficult,  even  with  the  material  in  one's 
hand,  to  judge  of  the  exact  point  of  origin  of  a  meningioma.  This  is 
particularly  true  of  the  spreading  flat  tumours',  for  such  a  small  stalk 
of  attachment  as  appears  in  the  case  herein  recorded  in  some  detail 
(figs.  2  and  3)  is  unusual  even  in  the  large  potato-like  growths  which 
tend  to  be  more  or  less  pedunculated. 

The  meningiomas,  in  short,  may  be  divided  into  two  general  classes  : 
the  large  growths,  often  more  or  less  irregularly  lobulated,  which  incline 
on  the  whole  toward  a  spherical  form,  and  the  tumours  en  plaque  which 
are  but  slightly  elevated  and  tend  to  spread  over  the  inner  dural  surface. 
These  latter  meningiomas  represent  but  a  small  proportion  of  the 
tumours  in  the  series,  and  without  the  microscope  would  hardly  be 
recognized  as  belonging  to  the  same  general  group.  They  are  more 
common  among  the  growths  arising  from  the  basal  meninges  than  from 
the  convexity,  though  three  of  them  occupied  the  parasagittal  angle  and 
a  number  have  been  found  spreading  over  the  dura  in  the  spbeno- 
temporal  region.  In  this  latter  situation  they  appear  to  arise  from 
near  the  pterion,  where  the  meningeal  vessels  and  sinuses  so  commonly 
channel  the  bone.  Though  these  meningiomas  en  plaqiie  are  but 
slightly  elevated  and  resemble  a  granulomatous  meningitis  rather  than 
a  new  growth,  they  are  particularly  prone  to  push  through  the  dura 
and  to  invade  the  overlying  bone. 

This  tendency  of  the  meningiomas  to  provoke  a  cranial  hyperostosis 

^  An  example  of  one  of  these  le-sions,  which  are  particularly  apt  to  be  associated  with  an 
overlying  hyperostosis  cranei,  has  been  recently  reported  in  another  connection  [9]. 
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constitutes  a  story  by  itself,  and  it  must  suffice  to  say  that  a  considerable 
percentage  of  all  these  tumours  produce  a  marked  effect  on  the  adjacent 
bone.  There  may  be  a  very  slight  involvement  of  the  inner  table  (as  in 
fig.  1),  or  a  marked  endostosis  corresponding  approximately  to  the 
centre  of  the  area  of  dural  attachment  which  is  indented  thereby. 
Occasionally  the  bone  is  enormously  thickened  over  the  growth,  as  much 
as  three  or  four  centimetres  in  extreme  cases,  and  under  these  circum- 
stances the  canaliculi  are  filled  more  or  less  extensively  by  tumour  cells, 
which  in  time  may  replace  the  thickened  bone  by  a  core  of  solid  tumour. 
These  characteristics  are  schematically   shown    in    the    accompanying 


Fig.  12. — Diagrams  of  the  various  ways  in  which  the  meningiomas  affect  the  overlying  bone. 


drawings  (fig.  12),  and  they  are  mentioned  because  the  photographs, 
X-rays  and  measurements  giving  the  situation  of  these  hyperostoses 
have  been  an  additional  help  in  placing  the  situation  of  a  number  of  the 
tumours  in  the  series.  There  are  other  ways  by  which  the  location  of 
the  seat  of  origin  may  be  identified  with  fair  accuracy,  though  chief 
reliance  has  been  placed  on  the  sketches  and  diagrams  of  the  operations 
which  accompany  the  old  case  records. 

With  due  allowances,  the  plotted  charts  (figs  13  to  16)  are  suffi- 
ciently dependable.  Though  self-explanatory,  there  are  certain  features 
to  W'hich  attention  may  be  called.  It  is  evident  that  the  lesions  are 
more  numerous  in  the  frontal  regions,  both  of  the  vault  and  base,  so 
that  the  frontal  lobes  have  been  involved  through  deformation  far  more 
often  than  any  other  part  of  the  brain.     Many  years  ago  attention  was 
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called  by  Blackburn  [5]  to  the  fact  that  frontal  endothelioroas  are  a 
not  infrequent  post-mortem  finding  in  those  who  have  died  in  asylums, 
but  until  these  diagrams  were  made  I  would  not  have  believed  that 
the  tumours  in  our  surgical  series  would,  on  the  whole,  have  tended  to 
be  so  far  forward. 


Fig.  13. — To  shew  the  areas  of  dural  attachmeDt  of  the  meningiomas  in  the  series  in 
tlieir  relation  to  the  major  sinuses  of  the  basal  meninges. 

Unquestionably  many  of  these  lesions  are  never  recognized  during 
life,  and  even  if  a  diagnosis  of  "  tumour  suspect "  actually  be  made,  the 
localization  of  the  lesion  may  be  extremely  difficult  in  the  absence  of 
an  area  of  hyperostosis,  either  palpable  or  shown  by  X-rays.  It  is 
possible,  therefore,  that  the  blank  areas,  in  the  diagrams  merely  repre- 
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Fig.  14. — To  show  areas  of  dural  attachment  of  the  meningiomas  and  their  relation  to 
the  dural  sinuses  on  the  left  lateral  aspect  of  the  brain. 


Pig.  15. — To  show  areas  of  dural  attachment  of  the  meningiomas  and  their  relation 
to  the  dural  sinuses  of  the  right  lateral  aspect  of  the  brain. 
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sent  relatively  silent  fields  in  which  tumours  are  less  likely  to  have  been 
recognized  clinically.  One  point  in  favour  of  this  is  the  fact  that  the 
recorded  tumours  show  a  wnder  distribution  over  the  left  than  over  the 
right  hemisphere.     The  single  example  of  tumour  far  posterior  on  the 


Fig.  16. — Superior  view  of  the  meninges,  sbowuig  me  tendency  to  an  anterior  disposition 
of  the  tumours,  and  the  prevalence  of  their  origin  from  the  lateral  expansion  of  the  sinus 
sagittalis. 

convexity  of  the  right  hemisphere  (No.  27,  fig.  19)  was  a  purely  acci- 
dental post-mortem  finding.  The  patient  was  an  acromegalic  with  a 
primary  optic  atrophy  and  homonymous  hemianopsia  attributed  to  a 
pituitary  adenoma,  and  owing  to  the  combination  of  his  profound 
psychosis  and   an   inaccurate   clinical    history   he  passed    through  our 
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hands  with  the  meningioma  unsuspected.  He  died  a  year  later  in  an 
asylum,  where  at  autopsy  a  large  parasagittal  meningioma  (fig.  17)  was 
unexpectedly  disclosed. 

Mere  diagnostic  oversight,  however,  cannot  alone  explain  the  pre- 
dominance of  anterior  lesions,  for  notably  in  the  posterior  fossa  under 
the  tentorium,  where  localization  should  be  easy,  meningiomas  are 
particularly  rare.  This  is  true,  also,  of  the  growths  involving  the 
occipital    lobe,   of    which    there    have    been   only   three    in  the    series. 


Fig.  17. 


whereas  on  the  other  hand  the  extraordinary  prevalence  of  tumours 
which  take  their  origin  from  the  meninges  of  the  suprasellar  region 
and  cribriform  plates  of  the  ethmoid  cannot  be  accounted  for  on  the 
basis  of  chance  alone. 

I  have  spoken  of  the  three  ways  of  approaching  the  study  of  a  large 
series  of  tumours  and,  so  far,  have  refrained  from  any  discussion  of  the 
meningiomas  according  to  their  locality.  The  endeavour  has  been  made 
with  no  great  success  to  subdivide  them  for  working  purposes  into 
several  clinical  groups.     These  may  deserve  a  brief  mention. 
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(1)  The  apiual  meningiojnas. — These  occur  at  different  levels  of  the 
cord,  and  judging  from  my  small  series  of  twelve  cases  in  which  the 
greater  number  are  midthoracic,  they  arise  more  often  from  upper  than 
lower  areas  of  the  spinal  theca.  They  are  well-known  lesions,  frequently 
operated  upon  with  success  since  1888,  when  Horsley  and  Gowers  so 
brilliantly  led  the  way.  What,  however,  is  not  commonly  recognized,, 
or  at  least  emphasized,  is  the  tact  that  they  take  their  origin  from  the 
arachnoid  at  the  point  of  emergence  of  one  of  the  nerve-roots,  so  that 
the  growth  usually  lies  at  the  side  of  the  cord,  and  is  overlain  by  the 
nerve-root  in  question.  This  explains  the  characteristic  discomforts 
of  these  cases,  and  the  frequent  tendency  to  a  Brown-Sequard  type  of 
spinal  palsy. 

('2)  Tlie  cranial-nerve  foraminal  tumours. — These  cases  fall  into 
three  groups,  though  they  may  be  capable  of  greater  subdivision  since 
the  cell-clusters  from  which  they  arise  are  said  to  exist  at  the  foramina 
of  exit  of  all  the  nerves.  The  tumours  we  have  encountered  have 
arisen  (a)  at  the  porus  acusticus  with  loss  of  hearing  as  the  inaugural 
symptom,  suggesting  an  acoustic  neurinoma  (1  case)  ;  (b)  from  the 
trigeminal  sheath,  a  common  seat  of  origin,  with  trigeminal  pain  and 
hypaesthesia  as  early  symptoms  (5  cases)  ;  and  (c)  in  the  orbit  itself, 
from  the  arachnoid  sheath  of  the  optic  nerve,  producing  a  unilateral 
painless  exophthalmos  (1  case). 

A  peculiarity  of  the  basilar  tumours,  particularly  those  of  the  trigeminal 
region,  is  that  they  may  spread  widely  in  the  basal  meninges  and 
become  thereby  irremovable.  This,  however,  is  not  invariable,  for  one 
tumour  (No  26)  in  the  series  which  arose  from  the  dura  over  the  basilar 
process  just  within  the  foramen  magnum,  was  egg-shaped  with  a  small 
stalk  of  attachment. 

(3)  The  suprasellar  tumours. — These  are  fairly  coiumon,  the  series 
containing  eight  examples.  The  tumours  arise  from  the  meninges 
covering  the  Willisian  circle  of  sinuses  surrounding  the  pituitary 
diaphragm.  Except  for  the  fact  that  they  occur  in  adults,  whereas  the 
suprasellar  tumours  originating  from  the  cranio-pharyngeal  pouch 
(Eathke)  usually  give  symptoms  in  childhood,  the  manifestations  of  the 
tumours  of  the  two  types  are  very  similar,  consisting  chiefly  of  primary 
optic  atrophy,  of  field  distortions  often  with  hemianopsia,  and  finally 
of  secondary  dyspituitarism. 

The  growths  may  project  upward  into  the  region  of  the  third 
ventricle,  and  may  reach  an  enormous  size.  As  several  of  them  have 
been  unexpectedly  encountered  at  operations  conducted  for  presumed 
pituitary  tumours,  they  have  merely  been  verified  by  the  removal  of  a 
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small  fragment  of  tissue  and,  except  in  one  instance  where  a  small, 
easily  dislodged  tumour  was  found,  no  attempt  has  been  made  to 
extirpate  them.  Consequently,  except  for  the  two  cases  encountered  at 
autopsy,  both  of  which  show  a  remarkable  similarity,  the  exact 
delimitations  of  the  areas  of  attachment  are  somewhat  conjectural.^ 

(4)  Tumours  arising  from  the  olfactory  groove  of  the  ethmoid. — In 
Cruveilhier's  plate  one  of  these  characteristic  growths  is  pictured,  and 
the  later  literature  contains  reports  of  many  others  in  the  same  situa- 
tion. Though  more  anterior  than  those  just  referred  to  as  suprasellar, 
the  growths  have  very  much  the  same  appearance.  They  are  exceed- 
ingly difficult  to  diagnose.  Occasionally  a  fortunate  stereoscopic  X-ray 
may  shov/  some  local  bone  absorption  and  unexpectedly  reveal  the 
situation  of  the  lesion,  but  otherwise  there  may  be  nothing  more  than 
some  obscure  mental  derangement  possibly  with  anosmia  until  the 
growth  extending  backward  reaches  a  sufficient  size  to  press  upon  one 
or  both  optic  nerves.  The  tumour  may  be  median  and  separate  the 
two  frontal  lobes  widely,  or,  if  unilateral  as  in  the  single  case  in  the 
series  in  which  a  total  extirpation  was  successfully  accomplished,  it  may 
press  upon  the  homolateral  optic  nerve  and  give  a  primary  atrophy, 
whereas  the  opposite  eye  shows  a  choked  disc. 

(5)  Sphenoidal  ridge  tumours. — The  growths  which  lie  astride  the 
sphenoidal  ridge,  with  a  portion  of  the  tumour  resting  on  the  orbital 
plate  under  the  frontal  lobe  and  a  portion  in  the  middle  fossa  indenting 
the  temporal  lobe,  are  fairly  common  and  characteristic.  Most  of  them 
have  been  unexpected  findings,  though  one  or  two  have  been  recognized 
because  of  an  absorption  of  the  sphenoidal  ridge  shown  by  an  antero- 
posterior rontgenogram.  They  may  cause  uncinate  seizures  and  not 
infrequently  encroach  on  the  side  of  the  chiasma  and  produce  an 
homonymous  hemianopsia. 

(6)  Sylvia7i  cleft  tumours  {temporo-frontal) . — These  are,  on  the 
whole,  similar  to  the  above  and  doubtless  arises  from  the  same  sinus, 
but  they  lie  sufficiently  far  lateralwards  to  be  brought  into  view  by  a 
subtemporal  decompression.  Two  of  them  which  gave  no  localizing 
symptoms  were  unexpectedly  disclosed  in  this  way  and  were  subse- 
quently removed  by  an  osteoplastic  exposure.  In  this  region,  too,  for 
some  unexplained  reason,  the  tumours  en  plaque  are  common,  and  as 
these  meningiomas  are  apt  to  provoke  hyperostosis  and  cause  a  palpable 
thickening  of  bone  at  the  temporo-sphenoidal  junction,  they  are  easily 

*  One  of  these  cases  was  fully  recorded   because   of  its  pituitary  manifestations  in   my 
monograph,  "  The  Pituitary  Body  and  its  Disorders,"  1912,  Case  No.  viii,  pp.  63-72. 
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recognized  through  this  indication  of  their  presence,  as  well  as  by  the 
marked  exophthalmos  which  occurs  if  the  hyperostosis  involves  the  outer 
orbital  wall. 

(7)  Tumours  of  the  convexities. — These,  twenty-eight  in  number, 
naturally  represent  a  large  proportion  of  any  surgical  series.  They  are 
not  only  easily  accessible,  but  when  they  encroach  on  the  sensori-motor 
cortex,  characteristic  and  well-known  symptoms  of  definitely  localizing 
value  are  often  produced.  For  this  reason,  small  surface  meningiomas 
which  cause  Jacksonian  seizures  followed  in  time  by  palsy  not  uncom- 
monly fall  to  the  lot  of  the  general  surgeon. 

The  tumours  arise  from  arachnoid  cell-clusters  in  connection  with 
the  spheno-parietal  sinus  and  the  vasa  meningea  media.  They  may  be 
subdivided  into  temporal,  frontal,  paracentral,  parietal  and  occipital 
tumours,  and  the  diagrams  show  that  in  spreading  up  from  the  last 
described  group  which  centres  around  the  Sylvian  notch,  they  dispose 
themselves  in  some  correspondence  with  the  fan-shaped  distribution  of 
the  sinusoidal  veins  of  the  dura.  They  predominate  over  the  frontal 
areas  and  their  points  of  origin  may  be  found  even  as  far  forward  as  the 
tip  of  the  lobe.  The  series  contains  no  examples  of  tumours  arising 
over  the  posterior  surfaces  of  the  hemispheres  except  those  which  take 
origin  from  the  major  sinuses.  They  are  included  in  the  following 
groups  : — 

(8)  The  parasagittal  meningiomas. — These,  in  a  way,  are  the  most 
interesting  and  characteristic  of  all.  The  case  (No.  15)  selected  as 
a  text  for  this  lecture  was  of  this  type,  and  the  series  contains  twenty- 
six  other  examples.  The  tumours  arise  from  the  wall  of  the  sinus  or 
its  lateral  expansion,  and  are  apt  to  have  some  attachment  to  the 
surface  of  the  falx  as  well.  Consequently,  as  the  growth  enlarges,  the 
mesial  edge  of  the  hemisphere  gets  pushed  away  to  a  greater  or  less 
extent  from  the  parasagittal  angle. 

When  a  parasagittal  tumour  is  surmounted  by  a  dome  of  hyper- 
ostosis, its  situation  and  identity  are  easily  recognized.  Also  when 
Jacksonian  seizures  originating  in  a  foot  are  followed  in  the  course 
of  years  by  a  spastic  paralysis  which  begins  in  the  corresponding  leg, 
one  may  feel  reasonably  assured  that  a  parasagittal  meningioma  will  be 
disclosed  at  operation,  provided  the  mesial  edge  of  the  hemisphere  can 
be  brought  into  view. 

When,  on  the  other  hand,  the  parasagittal  tumours  arise  well  in 
front  of  the  motor  cortex  or,  what  is  less  common,  posterior  to  it,  they 
may  be  exceedingly  difficult  to  localize  by  symptoms  alone.    An  example 
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of  this  has  ah'eady  been  cited  in  connection  with  Case  27  (fig.  17). 
There  have  been  only  two  tumours  in  the  series  deforming  exclusively  the 
occipital  lobe.  One  of  them  (No.  69,  figs.  15-16),  a  parasagittal  tumour 
originating  near  the  tentorial  angle,  was  successfully  enucleated  with 
perfect  recovery.  The  other,  a  huge  '200-grm.  tumour  not  represented 
in  the  diagram  as  its  point  of  origin  remains  obscure,  was  incompletely 
removed,  and  there  was  a  continuance  of  the  growth  with  fatality  at 
a  secondary  operation  some  years  later. 

(9)  Tlie  meningiomas  of  the  falx.—^o  mid-line  diagrams  permitting 
the  representation  of  these  tumours  have  been  made,  for  the  series  con- 
tains only  two  examples.  Both  of  them  were  large  tumours  of  almost 
spherical  form,  with  the  smallest  possible  area  of  attachment  at  the  lower 
margin  of  the  falx.  Their  presence  in  each  case  was  identified  by 
exploratory  punctures,  and  both  were  removed  by  transcortical  incisions 
with  death  in  one  case  and  recovery  in  the  other. 

This  I  cannot  believe  represents  fully  the  true  percentage  of  tumours 
originating  from  the  sides  of  the  falx,  for  bony  plaques  and  endothelio- 
matous  patches,  as  is  well  known,  are  not  uncommonly  found  there  in 
the  ordinary  run  of  post-mortem  examinations  on  old  people. 

(10)  Tumours  of  the  sinus  transversus  and  sigmoideus. — The  series 
contains  only  two  supra-tentorial  tumours  of  this  origin  (Nos.  62  and 
23,  fig.  15).  One  which  gave  no  localizing  symptoms  was  first  unex- 
pectedly exposed  during  a  right  subtemporal  decompressive  operation. 
Its  comparatively  small  attachment  corresponded  to  the  knee  of  the 
sigmoid  sinus.  One  other  (No.  23)  was  farther  posterior,  a  large  tumour 
which  had  caused  a  hemianopsia. 

On  the  other  hand,  there  have  been  five  subtentorial  tumours  giving 
a  cerebellar  syndrome.  All  of  them  arose  from  the  lower  wall  of  the 
transverse  sinus,  and  all  were  successfully  removed  at  operation.  I 
confess  to  some  surprise  that  these  growths  are  not  more  common  in 
this  situation,  in  view  of  the  abundance  of  arachnoid  villi  which  project 
into  the  subtentorial  wall  of  this  sinus  and  which  all  surgeons  familiar 
with  cerebellar  explorations  have  been  accustomed  to  observe. 

These,  then,  are  the  chief  topographical  subdivisions  into  which  the 
tumours  have  been  tentatively  grouped  for  clinical  purposes.  Doubtless 
some  far  better  regional  classification  will  be  made  as  the  particular 
symptom-complex  called  forth  by  a  growth  in  these  several  regions 
comes  to  be  more  clearly  understood.  Certain  of  them,  like  the  para- 
sagittal tumours  which  impinge  on  the  motor  cortex,  can  with  a  fair 
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degree  of  diagnostic  accuracy  be  foretold  before  operation,  but  in  the 
absence  of  an  accompanying  hyperostosis  most  of  the  others  are  as  yet 
chance  findings  in  the  course  of  an  exploration,  though  a  long  history 
of  slowly  advancing  trouble  may  make  one  suspect  the  presence  of  a 
meningioma. 

I  hope  some  day,  using  this  lecture  as  a  basis,  to  give  the  detailed 
report  of  the  individual  cases  in  this  series  with  their  triumphs  as  well 
as  their  tragedies.  Our  experience  may  be  summarized  as  follows:  (1) 
A  few  of  these  tumours  have  been  accidental  post-mortem  findings 
in  patients  in  whom  brain  tumour  was  unsuspected  ;  (2)  three  of  them 
have  been  late  post-mortem  findings  in  patients  who  had  been  operated 
upon  some  years  before  for  presumed  tumour,  but  as  this  procedure 
revealed  neither  tumour  nor  tension  the  cases  had  been  variously 
diagnosed  as  some  condition  other  than  tumour ;  (3)  in  some  of  the 
cases  (possibly  ten)  the  growth,  which  produced  no  localizing  symptoms, 
was  accidentally  disclosed  during  the  course  of  a  subtemporal  decom- 
pression ;  (4)  in  the  majority  of  the  cases  the  presence  of  a  tumour  was 
obvious  and  its  location  definite,  but  there  is  no  pre-operative  statement 
in  the  case  history  to  show  that  its  nature  was  anticipated ;  (5)  in  a  few 
of  the  operated  cases  not  only  was  the  location  of  the  tumour  evident, 
but  a  presumptive  diagnosis  was  made  of  its  character.  This,  of 
course,  applies  to  all  tumours  with  hyperostosis,  as  well  as  to  several 
trigeminal,  suprasellar  and  parasagittal  lesions  without  osseous  changes. 
Naturally,  if  one  makes  a  diagnosis  of  meningioma  in  all  patients 
with  symptoms  of  brain  tumour,  he  will  be  correct  in  about  10  per 
cent,  of  his  cases,  but  we  should  aspire  to  something  far  better  than 
this  low  figure. 

The  foregoing  rough  subdivision  is  made  in  order  to  encourage  others 
and  to  spur  ourselves  in  an  effort  to  enlarge  the  percentage  of  cases 
falling  in  the  last  group.  Certainly,  with  our  present  knowledge  of 
these  lesions  we  should  to-day  with  a  corresponding  group  of  cases  be 
able  to  make  a  correct  pre-operative  diagnosis  in  at  least  half  of  them. 
Small  tumours  such  as  those  described  by  Schmidt  as  accidental  post- 
mortem findings  give  no  recognizable  symptoms  and  have  no  surgical 
bearing  unless  they  happen  to  impinge  upon  some  important  cortical 
area  and  provoke  Jacksonian  seizures.  But  the  larger  tumours,  even 
when  in  silent  areas,  ought  to  be  capable  of  recognition  if  chronology 
and  duration  of  symptoms,  age  of  patient,  extracranial  circulatory  signs 
and  the  frequent  hyperostoses  are  taken  into  account.  Accordingly,  it 
should  be  possible  in  an  ever  increasing  percentage  of  cases  to  foretell 
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not  only  the  situation  of  the  growth,  but  to  anticipate  its  character  as 
well.  This,  in  an  operation  so  elaborate  as  one  for  brain  tumour,  is  an 
enormous  advantage. 

There  is  no  gainsaying  that  despite  the  enucleability  of  these 
tumours  when  they  are  easily  accessible  the  operations  are  often 
attended  with  great  hazard,  and  more  often  than  in  the  case  of  other 
tumours  this  must  be  done  in  two  or  even  three  sessions.  One  reason 
for  this  is  that  before  its  presence  has  been  even  suspected,  the  growth 
may  have  attained  a  large  size,  and  by  venous  stasis  have  greatly 
increased  the  vascularity  of  scalp  and  bone. 

There  is  to-day  nothing  in  the  whole  realm  of  surgery  more  grati- 
fying than  the  successful  removal  of  a  meningioma  with  subsequent 
perfect  functional  recovery,  especially  should  a  correct  pathological 
diagnosis  have  been  previously  made.  The  difficulties  are  admittedly 
great,  sometimes  insurmountable,  and  though  the  disappointments  still 
are  many,  another  generation  of  neurological  surgeons  will  unquestion- 
ably see  them  largely  overcome. 
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Notices  of  Eecent  Publications. 

The  Mechanism  of  the  Brain  and  the  Function  of  the  Frontal  Lobes. 
By  Professor  Leonardo  Bianchi.  Authorized  translation  from 
the  Italian  by  James  H.  Macdonald.  Pp.  384.  Edinburgh: 
E.  and  S.  Livingstone.     1922.     Price  21s.  net. 

Professor's  Bianchi's  views  on  the  functions  of  the  frontal  lobe  are  based 
on  numerous  experiments  on  the  brains  of  animals,  chiefly  monkeys,  carried 
out  over  a  long  period  of  time.  Interpreting  the  results  of  these  experiments 
in  the  light  of  his  study  of  the  evolution  and  structure  of  the  frontal  lobes  and 
of  the  pathways  connecting  them  with  the  rest  of  the  brain,  as  well  as  the 
various  doctrines  of  neuro-physiology  to  which  that  study  gives  rise,  Bianchi 
is  convinced  that  in  man  these  lobes  are  specially  concerned  in  the  synthesis 
and  elaboration  of  the  higher  intellectual  and  sentimental  processes,  and  all  the 
various  attributes  of  sociality.  They  play  a  most  important  part,  he  holds,  in 
the  formation  of  the  psychic  personality,  and  the  development  of  the  powers 
of  conscious  volitional  behaviour. 

Professor  Bianchi  divides  the  cerebral  cortex  into  two  main  evolutionary 
levels,  the  postfrontal  motor  and  sensory  areas,  and  a  prefrontal  area  that  is 
neither  motor  nor  sensory  ;  he  also  postulates  two  grades  of  psychic  activity, 
a  "  lower  "  and  a  "  higher  "  consciousness,  resulting  from  the  activity  of  these 
two  levels.  In  the  lower  or  postfrontal  consciousness,  only  the  simplest  mental 
constructions  obtain  ;  life  is  centred  around  sensations,  desires,  and  instincts ; 
conduct  is  impulsive  and  egoistic,  and  tends  to  the  immediate  satisfaction  of 
individual  needs  only.  In  the  higher  or  prefrontal  consciousness,  reason  and 
all  the  potentialities  of  thought  come  into  play;  and  impulses  become  subject 
to  voluntary  inhibition  and  control  and  are  influenced  by  factors  arising  from 
the  development  of  the  more  lofty  sentiments  and  the  higher  social  tendencies 
and  obligations.  When  Bianchi  speaks  of  the  higher  consciousness  as  pre- 
frontal he  does  so  only  in  the  sense  that  it  is  the  prefrontal  area  of  the  cortex 
that  contributes  to  it  its  most  weighty  factors.  Its  centre  of  centres  is  in  the 
prefrontal  area,  but  it  is  necessarily  open,  he  maintains,  to  currents  from  all 
parts  of  the  cerebral  mantle,  and  it  thus  comes  to  form  with  the  lower  con- 
sciousness a  wide  network  of  ideas  and  experiences  which  embrace  the  products 
of  all  the  cortical  centres.  That  power  of  starting,  directing,  evoking  and 
selecting  the  nervous  currents,  possessed  in  a  minor  degree  by  all  the  cell-groups 
of  the  cortex,  belongs  in  supreme  part  to  the  prefrontal  area.  In  Bianchi's 
view,  therefore,  the  frontal  lobes  are  the  seat  of  the  final  synthesis  and  fusion 
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of  the  incoming  and  outgoing  products  of  the  several  sensory  and  motor  areas 
of  the  hrain. 

The  work  of  tlie  hrain,  as  a  whole,  is  carried  on  hy  processes  occurring  in 
different  levels  of  physiological  complexity,  the  later  and  more  highly  evolved 
areas  assimilating,  sypthesizing,  and  modifying  the  products  of  other  lower 
suhsidiary  levels,  and  in  dealing  with  the  highly  complex  psychical  end-products 
of  prefrontal  synthesis.  Bianchi  sees  no  reason  for  treating  them  differently 
from  the  other  products  of  cerebral  activity  of  a  more  pliysical  character,  or 
thinking  that  their  governance  is  by  laws  in  any  essential  way  different  from 
those  that  obtain  in  the  more  purely  physiological  sphere.  He  discusses  the 
results  of  frontal  lobe  activity,  therefore,  wholly  as  biological  products,  not  as 
spiritualistic  or  metaphysical  abstractions,  and  in  doing  so  necessarily  lays  the 
greatest  stress  on  the  multitudinous  combinations  of  innumerable  lesser  grade 
compounds  in  their  final  elaboration.  What  it  involved  in  the  last  analysis,  in 
the  psychic  transmutation  or  "  mentalization  "  of  matter,  may  be  still  open  to 
conjecture,  but  even  here  Bianchi  offers  some  suggestive  speculations  in  regard 
to  the  light  which  the  study  of  the  behaviour  of  electrons  may  throw  on  the 
subject. 

Professor  Bianchi's  opinions  concerning  the  function  and  relationship  of 
the  different  parts  of  the  brain,  founded  as  they  are  on  the  results  of  extensive 
experimental  investigations,  must  command  our  respect,  while  his  careful 
attempt  to  evaluate  psychic  phenomena  on  a  biological  basis  affords  us  no 
slight  glimpse  into  the  mechanism  of  the  brain's  activity,  and  serves  as  a 
stimulating  corrective  to  those  aspects  of  psychological  thought  which  tend  to 
divorce  mental  processes  from  their  physical  substratum.  His  insistence  too, 
at  tlie  end  of  his  book,  on  the  primary  importance  of  rightly  trained,  conscious 
intention  and  intelligence  in  the  conduct  of  the  practical  affairs  of  life  is 
especially  valuable  at  a  time  when,  too  often,  the  "urge  "  of  the  unconscious 
is  apt  to  be  used  as  an  excuse  for  the  lack  of  that  self-control  and  sense  of 
responsibility,  for  the  cultivation  of  which  he  pleads.  He  expresses  "grave 
doubts"  indeed,  of  the  automatism  of  the  unconscious,  apart  from  any  directive 
effect  due  to  tlie  action  of  the  conscious  will. 

A  word  in  conclusion  must  be  said  about  the  translation  of  this  book.  Dr. 
Macdonald  has  done  this  in  a  way  that  cannot  be  too  highly  praised,  and  has 
given  us  a  scholarly  English  version,  in  all  respects  worthy  of  its  distinguished 
author. 

Questions  neurologiques  cVactualite.  Pp.  551.  Paris  :  Masson  et  Cie. 
1922.  Price  28  francs. 
In  this  volume  there  are  collected  together  twenty  lectures  on  neurological 
subjects  of  special  interest  delivered  before  the  racult6  de  M6decine  de  Paris 
in  1921.  Each  of  the  lecturers  was  free  to  choose  the  subject  that  appeared 
to  him  of  most  importance  at  the  moment,  and  each  subject  selected  has  been 
consequently  dealt  with  by  one  capable  of  placing  before  his  audience  views  of 
an  authoritative  and  reliable  nature. 
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In  most  cases  the  aim  of  the  lecturer  has  evidently  been  to  put  forward 
the  observations  and  opinions  on  his  subject  that  appeared  at  the  moment 
most  trustworthy  rather  tlian  liis  own  personal  views,  but  many  of  the  articles 
show  evidence  of  original  investigation  and  research.  In  some  instances, 
however,  the  lectures  are  based  on  the  original  investigations  of  the  authors  ; 
this  is  particularly  so  in  Kinnier  Wilson's  contribution  on  the  pathogenesis 
and  pathological  physiology  of  progressive  lenticular  degeneration,  and  in 
Pieri'e  Marie's  discussion  of  the  question  whether  preformed  and  innate 
centres  for  speech  exist  in  man.  In  both  of  these,  as  well  as  in  Claude's 
paper  on  intracranial  hypertension  and  serous  meningitis  and  in  Lhermitte's 
on  lethargic  encephalitis,  in  which  the  subject  matter  consists  mainly  of 
original  work  already  published,  we  are  fortunately  provided  with  the  views 
these  neurologists  hold  to-day  after  reviewing  their  earlier  work  in  the  light  of 
further  experience  and  criticism.  A  few  of  the  lectures  on  the  other  hand 
merely  represent  the  ordinary  teaching  of  the  day,  without  any  analysis  or 
critical  selection  of  facts  and  hypotheses. 

There  are,  however,  few  of  these  lectures  which  will  not  repay  perusa"!  by 
any  neurologist,  and  all  will  be  valuable  to  the  general  physician  and  even  to 
those  specialists  who  are  unable  to  keep  pace  with  the  neurological  literature. 

The  only  serious  fault  that  can  be  found  with  the  volume  is  absence  in 
almost  all  the  articles  of  bibliographic  references  to  the  work  of  others  which 
is  cited. 


Report  of  the  War  Office  Committee  of  Enquiry  into  "  Shell  Shock." 
H.M.  Stationery  Office.     1922.     Price  6s. 

The  reference  to  the  Committee  was  to  collate  the  expert  knowledge  derived 
by  the  Naval  and  Military  Authorities  and  the  medical  profession  from  the 
experience  of  the  war  with  a  view  to  recording  for  future  use  the  ascertained 
facts  as  to  the  origin,  nature  and  remedial  treatment  of  "  shell  shock,"  and  as 
to  whether  by  military  training  or  education  some  scientific  method  of  guarding 
against  its  occurrence  could  not  be  devised. 

In  a  brief  note  on  this  report,  it  is  scarcely  necessary  to  enter  into  a  con- 
sideration of  the  more  purely  military  aspect  of  this  subject,  but  a  summary 
of  the  medical  findings  may  not  be  without  interest. 

It  was  agreed  that  "  shell  shock  "  had  been  a  gross  and  costly  misnomer, 
and  that  the  term  should  be  eliminated  from  the  nomenclature.  The  war 
produced  no  new  nervous  disorders,  all  those  which  occurred  had  previously 
been  recognized  in  civilian  practice.  Owing  to  the  special  circumstances  of  the 
war  these  disorders  appeared  in  some  cases  in  an  aggravated  form,  and  the 
numbers  suffering  from  them  were  very  large. 

The  cases  divided  themselves  into  three  main  groups  :  genuine  concussion 
without  visible  wound  ;  emotional  shock,  either  acute  or  developing  slowly  as 
a  result  of  prolonged  strain  and  terrifying  experience,  the  final  breakdown  being 


320  NOTICES  OF  RECENT  PUBLICATIONS 

sometimes  brought  about  by  some  relatively  trivial  cause  ;  and  nervous  and 
mental  exhaustion  the  result  of  prolonged  sti'ain  and  hardship.  In  many 
cases,  however,  the  three  factors  of  commotional  and  emotional  shock  and 
exhaustion  were  combined  in  varying  pi'oportions. 

Many  points  of  interest  have  been  brought  to  light  and  the  verbatim 
evidence  of  witnesses  is  by  no  means  the  least  instructive  part  of  the  report. 
Here  will  be  observed  personal  experiences  bearing  upon  the  psychology  of 
fear,  upon  cowardice,  upon  malingering,  upon  the  influence  of  war  stress  in  the 
production  of  insanity,  and  valuable  recommendations  upon  the  prevention  of 
"  shell  shock." 

The  treatment  of  the  neuroses  observed  in  soldiers  is  considered  in  detail, 
and  the  several  forms  of  psychotherapy  are  commented  upon  with  fairness  and 
discretion. 

The  report  may  have  a  much  wider  significance  than  was  intended  when 
the  idea  of  an  inquiry  was  broached,  as  it  deals  with  psychological  problems 
which  are  not  confined  to  war  conditions. 


Reviemherlng  and  Forgetting.    By  T.  H.  Pear.     Methuen.    Price  7s.  6d. 

The  analysis  of  dreams  has  been  described  as  the  royal  road  to  the  under- 
standing of  the  unconscious.  If  we  broaden  the  issue  by  substituting  memory 
for  dreams  we  will  find  that  it  becomes  the  nuclear  problem  of  modern 
psychology,  the  full  appreciation  of  which  can  only  be  obtained  by  the  analysis- 
of  Memory  and  Forgetting. 

This  is  the  task  that  Professor  Pear  has  undertaken  in  his  book,  designed 
primarily  for  the  interested  layman  and  the  medical  man  who  is  interested  in 
the  psychological  problems  of  medicine. 

Being  engaged  in  the  elucidation  of  the  experimental  and  theoretical 
problems  of  normal  psychology,  Professor  Pear  has  not  approached  the  subject 
in  the  manner  of  the  psycho-analyst — that,  is  by  plunging  directly  into  the 
concrete  details  of  the  mental  life — but  begins  by  an  analysis  of  memory 
processes  from  their  genesis  at  the  perceptional  level,  to  the  formation  of  after - 
sensations  ;  thence  to  visual,  auditory  and  kinaesthetic  imagery,  and  ultimately 
to  the  formation  of  generic  images  upon  which  our  ideas  ai'e  based.  This 
prepares  the  way  for  a  consideration  of  the  dream-life.  The  Freudian 
conception  is  fully  considered,  as  well  as  the  additions  to  it  made  by  Pavers. 
He  ends  his  analysis  by  a  chapter  on  forgetting,  which  in  the  light  of  modern 
theory  is  the  justification  of  all  the  preceding  chapters. 

Tliere  are  one  or  two  features  of  the  author's  method  which  make  his 
treatment  of  the  subject  somewhat  insufiQcient.  Firstly,  his  own  annoying 
^^sual  imagery  makes  the  subject  appear  easier  than  it  actually  is,  although  he 
does  not  fail  to  emphasize  the  importance  of  kinaesthetic  imagery ;  and 
secondly  the  insufficient  stress  laid  in  the  earlier  chapters  on  dreams  on  the 
affective  tone  of  the  memories  in  dreams. 
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The  two  essays  on  synaesthesia  and  number  forms  are  important  for  the 
psychology  of  imagery,  and  have  an  indii'ect  liearing  on  the  subject  of 
remembering. 

The  whole  book  would  well  repay  reading  even  to  those  engaged  in  applied 
psychology,  for  it  deals  with  the  theoretical  basis  of  memory.  It  is  written  in 
a  clear  and  succinct  style. 

Suggestion   and   Mental   Analysis.     By    William    Brown.     Pp.  165. 
University  of  London  Press.     1922.     Price  3s.  6d. 

The  author  is  of  the  opinion  that  the  two  main  forms  of  psychotherapy, 
that  is  suggestion  and  mental  analysis,  are  not  mutually  exclusive  as  the 
extreme  partisans  of  each  system  maintain.  The  aim  of  this  small  book  is  to 
give  an  elementary  and  non-technical  account  of  their  relations  to  one  another, 
and  to  show  that  by  harmonizing  them  as  far  as  possible  a  sound  system  of 
psychotherapy  can  be  built  up. 

The  earlier  chapters  form  a  concise  and  in  the  main  a  sufficient  introduction 
to  the  subject  for  the  layman  and  non-specialist  for  whom  the  book  is  written, 
while  the  last  three  deal  chiefly  with  Bergson's  philosophy  and  the  relation  it 
bears  to  the   author's  own  views. 

Though  written  in  a  simple  and  clear  style  the  book  lacks  the  cohesion  so 
necessary  in  an   elementary  text-book. 


Writers  of  "Original  Articles  and  Clinical  Cases"  are  supplied  free  of  charge 
with  50  copies  reprinted  in  the  form  in  which  the  paper  stands  in  the  pages  of 
"  Brain."  If  reprints  are  required  in  pamphlet  form,  with  wrapper,  title-page, 
&c.,  and  re-numbered  pages,  they  must  be  ordered,  at  the  expense  of  the  writers, 
from  Messrs.  BALE,  SONS  &.  DANIELSSON,  Ltd.,  83-91,  Great  Titchfield  Street, 
London,  W. 

Members  of  the  Neurological  Section  of  the  Royal  Society  of  Medicine  can 
obtain  the  Index  of  "Brain"  for  the  Volumes  I  to  XXIII  inclusive,  that  is,  from 
its  commencement  to  the  end  of  1900,  from  Messrs.  MACMILLAN  &  CO.,  Ltd., 
St.   Martin's  Street,   London,  W.C.,  at  the  price  of  6s.  6d.,  post  free. 

To  those  who  are  not  members  of  the  Neurological  Section  of  the  Royal 
Society  of  Medicine  the  price  is  8s.  6d.  net,  and  the  volume  may  be  obtained 
through    any  bookseller. 
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TWO  CASES  OF  SYRINGOMYELIA  AND  SYRINGOBULBIA, 
OBSERVED  CLINICALLY  OVER  MANY  YEARS,  AND 
EXAMINED   PATHOLOGICALLY. 

BY  JAMES  TAYLOR,  M.D..  F.R.C.P. 
Senior  Physician,  National  Hospital,  Qtieen  Square. 

J.  G.  GREENFIELD,  M.D.,  M.R.C.P. 
Pathologist, 

AND 

J.  P.   MARTIN,  M.D.,  M.R.C.P. 
Senior  HoiLse  Physician  to  the  Hospital. 

Syringomyelia,  although  perhaps  not  so  unusual  as  at  one  time 
it  was  supposed  to  be,  is  a  very  interesting  disease,  because  of  the 
clear  association  which  it  is  possible  to  trace  between  the  anatomical 
change  in  the  spinal  cord  and  bulb,  and  the  clmical  condition. 
The  two  cases  which  we  are  about  to  relate  are  perhaps  unusual 
because  of  the  long  periods  during  which  it  was  possible  to  observe  them 
carefully.  They  also  have  a  special  interest  because  of  the  striking 
manner  in  which  the  clinical  course  differed  in  the  two  cases.  In  the 
first  patient  the  condition  underwent  no  change  of  consequence  during 
the  long  period  of  twenty-four  years  in  which  one  of  us  (J.  T.)  had 
him  under  almost  continuous  observation  ;  in  the  second,  who  was  also 
under  observation  for  a  long  period,  viz.,  nineteen  years,  there  was  on 
the  contrary  a  slow  but  steady  deterioration  in  the  physical  condition 
determined  by  the  gradual  spread  of  muscular  weakness  and  sensory 
change,  the  result  no  doubt  of  corresponding  changes  in  the  condition 
of  the  spinal  cord.  The  detailed  description  of  the  morbid  changes 
in  the  spinal  cords,  for  which  two  of  us  (J.  G.  G.  and  J.  P.  M.)  are 
responsible,  explains  to  some  extent  this  difference. 
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H.  M.,  a  pastrycook  by  occupation,  was  admitted  to  the  National  Hospital, 
Queen  Square,  under  Dr.  Hughlings  Jackson  on  ]\Iay  15,  1893.  He  was  at 
this  time  23  years  of  age  and  had  previously  been  under  Dr.  Jackson's  care  at 
the  London  Hospital.  He  said  that  four  and  a  half  years  before  admission  he 
had  experienced  pain  in  the  right  occipital  region,  with  numbness  in  the  arms. 
Three  months  later  there  developed  squinting  of  the  right  eye  and  diplopia,  and 
a  few  days  later  tliere  was  numbness  of  the  right  side  of  the  face  and  complete 
loss  of  sensation  here  which  lasted  for  a  fortnight.  This,  he  said,  had  since 
practically  cleared  up.  Four  days  after  experiencing  numbness  of  the  face  he 
noticed  that  the  right  side  of  the  face  was  motionless,  and  he  stated  his  articula- 
tion was  indistinct  and  the  tongue  on  protrusion  went  to  the  right.  For  the 
last  four  months  before  admission  the  occipital  pain  had  been  -worse,  and  there 
was  tingling  and  loss  of  feeling  down  the  right  arm  and  leg. 


Fig.  1.— ( 'ase  I.     Patient  in  1893. 


Fig.  2.— Case  I.     Patient  in   1915. 


There  was  nothing  of  significance  in  his  family  history  or  in  liis  personal 
history.     He  had  had  no  serious  illness  and  he  denied  venereal  disease. 

On  admission  he  was  found  to  have  a  marked  right  internal  strabismus  due 
to  complete  paralysis  of  the  right  sixth  nerve.  There  was  also  complete  facial 
paralysis  on  the  same  side  and  the  tongue  protruded  to  the  right.  The  right 
side  of  the  tongue  was  much  wasted,  and  although  the  temporal  and  masseter 
muscles  on  both  sides'were  strong  and  active,  tlie  jaw  dropped  to  the  left  when 
the  mouth  was  widely  opened.  There  was  a  good  deal  of  wasting  about  the 
shoulders,  more  marked  on  the  right  side,  and  although  tlie  trapezius  and  other 
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FiG.  3a.— Case  I.     Analgesia  in  1893. 


Fig.  3b.— Case  I.    Thermansesthesia  in  1893. 
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muscles  of  the  shouUler-f^irdle  all  responded  to  ii  faradic  current  on  this  side,  a 
stronger  current  had  to  be  used  than  was  suflicient  to  produce  a  good  contrac- 
tion on  the  otlier  side.  Tliere  was  no  wasting  of  the  lower  linihs  :  the  knee 
jerks  were  present  and  there  was  no  ankle  clonus. 

The  sensory  changes  were  very  distinct  and  interesting.  Tliey  are  so 
graphically  represented  in  the  accompanying  diagrams  that  no  further  descrip- 
tion seems  called  for.     (Figs.  3a,  15  and  c.) 

The  diagnosis  in  this  case  was  not  difficult,  and  although  at  that  time — 
1893 — we  were  not  very  familiar  with  syringomyelia,  there  was  no  hesitation 
in  concluding  that  this  was  a  case  of  that  nature.  It  was  apparent  that  the 
morbid  process  had  affected  not  only  the  spinal  cord,  especially  in  its  cervical 
portion,  but  had   also  spread   upwards  so   as  to   involve  buU^ar  and  pontine 


Fig.  3c.— Case  I.     Tactile  antesthesia  in  1893. 


structures,  as  was  shown  in  the  wasting  of  the  tongue,  the  facial  paralysis,  and 
the  paralysis  of  the  sixth  nerve  on  the  right  side.  The  sensory  changes  also 
indicated  involvement  of  the  fifth  nex've  or  its  nucleus. 

The  patient  during  the  next  twenty-four  years  was  seen  from  time  to  time 
and  examined  carefully,  but  no  material  change  developed.  He  enjoyed  fair 
health,  although  he  complained  a  good  deal  from  time  to  time  of  pains  in  his 
head  and  limbs.  He  married  but  had  the  misfortune  to  lose  his  wife  in  1916 
and  became  very  much  depressed.  He  committed  suicide  by  hanging  in  the 
following  year,  having  previously  asked  his  brotlier-in-law  to  communicate  with 
one  of  us  (J.  T.)  if  anything  happened  to  him.  Through  the  kindness  of  the 
Coroner  a  post-mortem  examination  was  allowed,  but  as  this  was  not  carried 


TWO    CASES    OF    SYRINGOMYELIA   AND    SYRINGOBULBIA 


327 


out  until  forty-eight  iiours  after  death  the  sections  of  the  cord  were  not  as 
good  as  they  might  have  heen  had  it  been  possible  to  make  the  examination 
earlier.     It  will  be  seen  that  the  examination  confirmed  the  diagnosis. 

Case  I. — Pathological  Examination. 

The  brain  and  cord  were  fixed  directly  in  Miiller's  fluid,  where  tliey 
remained  for  over  a  year.  In  consequence  of  this,  permanent  flexures  had 
taken  place  at  some  segments  of  the  cord  and'  the  tissue  was  rather  brittle, 
so  that  it  was  impossible  to  avoid  some  distortion  of  the  sections.  The 
chief  characteristics  of  the  cord  at  each  level  could,  liowever,  be  made  out 
fairly  well. 


Right.  Left. 

Fig.  4a. — Medulla  near  the  lower  end  of  the  fourth  ventricle,     f..  Mesial  fillet ; 

Z/.,  lateral  extension  of  the  cavity. 


The  process  of  gliosis  and  cavitation  extended  from  the  lower  half  of  the 
medulla  to  the  lower  half  of  the  dorsal  region  of  the  cord.  For  the  most  part 
the  cavity  occupied  only  a  small  area  of  the  centre  of  the  cord,  but  was 
surrounded  by  a  relatively  wide  zone  of  gliosis,  in  which  myelinated  fibres 
were  absent. 

No  abnormality  was  found  at  a  higher  level  than  the  upper  part  of  the  pons^ 
but  the  iter  of  Sylvius  was  T-shaped,  with  a  ventral  and  two  lateral  prolonga- 
tions.     The  ventral  one  extended   between  the   oculo-motor  nuclei,  but   did. 
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not  reach  as  far  as  the  posterior  (median)  lonf^itudinal  bundle.  The  lateral 
extensions  almost  reached  the  mesencephalic  roots  of  the  tiij^eminal  nerves  ; 
they  were  curved  slightly  forwards,  and  their  walls,  which  were  everywhere 
covered  with  ependyma,  were  crenated  and  irregular,  tlie  ventral  wall  showing 
several  small  bays  and  creeks. 

Beyond  this  nothing  abnormal  was  found  in  the  pons  and  mid-brain,  except 
degeneration  of  ascending  tracts,  such  as  the  mesial  fillet  on  the  left  side, 
which  iiad  been  interrupted  by  the  morbid  process  lower  down. 

The  highest  section  wliich  showed  any  evidence  of  abnormal  gliosis  was  one 
near  the  lower  end  of  the  calamus  scriptorius,  passing  through  the  middle 
of  the  olivary  body  (fig.  4a).  Here  the  fourth  ventricle  had  a  somewhat 
irregular  contour,  extending  forward  as  a  narrow  slit  between  the  hypoglossal 
nuclei  as  far  as  the  dorsal  margin  of  the  posterior  fmedian)  longitudinal 
bundles.  It  also  sent  a  shallower  extension  in  on  tlie  right  side  between  the 
hypoglossal  nucleus  and  the  dorsal  nucleus  of  the  vagus.  Both  these  slits 
were  lined  with  the  normal  ependyma  of  the  ventricle.  That  in  the  middle 
line  caused  no  distortion  of  fibres,  but  curving  round  the  gliosis  which 
covered  the  lateral  slit  a  leash  of  myelinated  fibres  could  be  seen  to  which 
there  was  nothing  cori^esponding  on  the  left  side. 

At  this  level  and  extending  downwards  through  the  medulla  for  a  short 
distance,  there  was  a  gross  atrophy  of  the  cells  in  the  ventral  portion  of  the 
right  inferior  olive,  and,  associated  with  this,  a  loss  of  the  olivo-cerebellar  fibres 
arising  in  them.  An  examination  of  sections  at  the  highest  level  at  which  this 
lesion  existed  disclosed  a  small  Y-shaped  cavity.  Its  longest  limb  lay  between 
the  pyramidal  tract  and  the  olive ;  one  of  tlie  shorter  limbs  passed  ventral- 
wards  and  mesialwards  through  the  pyramidal  tract,  and  the  other  dorsalwards 
between  tlie  olive  and  the  mesial  fillet  (fig.  4b).  From  the  walls  of  this  cavity 
gliosis  extended  into  the  neighbouring  tissues,  chiefly  along  the  hilus  of  the 
olive  for  about  two-thirds  of  its  extent,  but  also  as  continuations  of  the  limbs 
of  the  cavity.  In  the  more  caudal  sections  through  the  olive  no  cavity  could 
be  seen,  but  the  presence  of  gliosis  was  shown  by  the  increase  in  the  number 
and  size  of  the  glial  cells,  and  to  it  tbe  atrophy  of  the  ventral  part  of  the  right 
olive  appeared  to  be  due.  The  lateral  part  of  the  pyramidal  tract  was  smaller 
on  the  right  side  than  on  the  left';  the  shrinkage  of  this  tract  was  also  probably 
due  to  its  involvement  in  the  gliosis. 

Unfortunately  serial  sections  were  not  made  through  the  upper  part  of  the 
medulla  and  the  lower  part  of  the  pons,  part  of  the  tissue  having  become 
unusable  owing  to  its  long  stay  in  Miiller's  fluid  during  the  war,  so  that 
it  was  impossible  to  trace  the  extent  of  this  cavity ;  but  if  either  the  cavity 
itself  or  a  band  of  gliosis  spreading  out  from  it,  had  passed  upwards  for  a  short 
distance  in  the  same  relative  position  it  would  have  interrupted  the  emerging 
fibres  of  the  sixth  nerve. 

The  most  obvious  loss  of  fibre  tracts  was  in  the  mesial  fillet  on  the  left  side, 
that  is,  in  the  more  normal  half  of  the  medulla.  This  fillet  had  almost  com- 
pletely disappeared,  and  tbe  place  normally  occupied  by  it  had  shrunken  so  that 
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the  inner  border  of  the  oHvary  nucleus  came  much  nearer  to  the  median  raplie 
than  on  the  right  side.  There  was  also  considerable  atrophy  of  the  rubro-spinal 
tract  on  the  right  side — in  fact,  no  bundle  of  fibres  corresponding  to  it  could 

Leash  of  Fibres  round  Lateral  DiverHculuru. 


Ventral  Cavib^/ 

Mm  Gliosis  of-  Ventral  Cavily 

Fig.  4b.— C.i?.,  Corpus  restiforme  ;  f.,  mesial  fillet  ;  m.a.o.,  median  accessory  olive;  f.s., 
fasciculus  solitarius ;  p.l.b.,  posterior  longitudinal  bundle;  pijr.,  pyramid:  r.v.d.,  radix 
vestibularis  descendens. 


be  definitely  made  out.  The  descending  root  of  the  trigeminal  nerve  and  the 
fasciculus  solitarius  were  well  represented  on  both  sides,  but  on  the  right 
they  were  definitely  smaller  and  paler  than  on  the  left.  The  descending  root 
of  the  right  vestibular  nerve  was  represented  by  far  fewer  fibres  than  on  the 
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oi)posite  side,  and  it  and  tlie  riglit  fasciculus  solitarius  had  come  to  lie  much 
nearer  to  the  middle  line  than  the  corresponding  tracts  on  the  left  side.  In 
fact,  the  wliole  of  the  right  dorso-lateral  part  of  tlie  medulla  at  this  level  had 
shrunk  considerably.  It  appeai'ed  probable  that  the  atrophy  of  these  various 
fibre  ti'acts  was  due  to  a  retrograde  degeneration  of  the  fil)res  towards  their 
cells  of  origin,  owing  to  a  lesion  at  a  slightly  lower  level. 

Some  internal  arcuate  filjres  were  present  on  the  right  side  at  tliis  level,  but 
they  were  scantier  than  on  the  opposite  side  and  more  laterally  placed.  They 
were  intermingled  with  fibres  passing  from  the  opposite  olivary  nucleus 
towards  the  restiform  body. 

At  a  level  of  the  medulla  corresponding  to  the  tip  of  the  calamus  scriptorius 
(fig.  5)  the  morbid  process  was  evident  as  a  line  of  gliosis  which  passed  out- 
wards on  the  right  side  through  the  dorsal  part  of  the  hypoglossal  nucleus  and 
through  the  substantia  gelatinosa  Rolandi  (descending  or  spinal  trigeminal 
nucleus)  to  about  2  mm.  from  the  lateral  surface  ot  the  medulla.  This  band 
of  gliosis  ran  along  the  line  of  the  large  vessels,  which  pass  dorso-mesially  into 
the  medulla  between  the  olivary  nucleus  and  the  restiform  body.  At  no 
level  examined  in  this  region  was  there  any  gross  cavitation,  but  merely  a  broad 
line  of  gliosis  which  had  interrupted  the  fibres  and  caused  shrinkage  of  the 
parts  through  which  it  passed.  Here  also  there  was  an  extension  of  the  cavity 
of  the  venti-icle  forwards  between  the  two  hypoglossal  nuclei  as  far  as  the 
dorsal  part  of  the  posterior  (median)  longitudinal  bundle,  but  no  lateral  exten- 
sion, such  as  was  seen  at  a  rather  higher  level,  could  be  made  out.  This 
mesial  extension  of  the  ventricular  cavity  had  caused  no  obvious  destruction 
of  nerve  cells  or  tracts. 

The  lateral  line  of  gliosis  had  destroyed  the  dorsal  part  of  the  hypoglossal 
nucleus,  the  dorsal  longitudinal  bundle  of  Schiitz,  the  major  part  of  the 
fasciculus  solitarius,  the  substantia  gelatinosa  Rolandi,  and  the  rubro-spinal 
tract.  It  also  appeared  to  liave  destroyed  the  descending  root  of  the  vestibular 
nerve  on  that  side,  as  no  fibres  corresponding  to  it  could  be  identified.  The 
region  of  the  nucleus  gracilis  was  greatly  shrunken  and  no  fibres  could  be 
seen  passing  from  it.  Nor  could  any  internal  arcuate  fibres  be  seen  on  that 
side,  except  a  few  laterally  placed  fibres  which  obviously  arose  from  the  olivary 
nucleus  of  the  opposite  side.  As  a  consequence  of  this  the  mesial  fillet  on 
the  left  side  was  absent  and  the  area  it  should  have  filled  was  shrunken  to 
about  half  its  normal  breadth  (fig.  5). 

In  spite  of  the  atrophy  of  the  fillet  the  posterior  (median)  longitudinal 
bundles  lay  opposite  one  another,  in  contra-distinction  to  what  was  seen  in 
Case  II  (fig.  16).  The  pyramidal  tracts,  although  rather  paler  than  normal,  did 
not  show  the  gross  atrophy  seen  in  that  case. 

The  ventral  part  of  the  right  olivary  nucleus  was  also  degenerated  here. 
This  appeax-ed  to  be  due  to  an  extension  caudalwards  of  the  gliosis  surrounding 
the  cavity  which  was  seen  at  a  higher  level. 

The  cells  of  the  right  hypoglossal  nucleus  were  atrophied  and  no  root  fibres 
could  be  seei  passing  from  it.     It  seems  probable  that  these  fibres  had  besn 
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Fig.    5. — Medulla  at  the  level  of   the  tip  of   the  calamus   scriptorius.     /.&■.,  Fasciculi 
tiolitarii ;  /.,  mesial  fillets  ;  L.,  lateral  gliosis. 


Fig    G.— Cord  at   first  cervical  segment,     d.m.f..  Dorsal    i  .etLai  ^^  V 

v.m./'.,  ventral  median  fissure.  . f I f ^ft^U^^" -tt^^ tV^ 
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interrupted  by  the  gliosis  and  cavitation  which  lay  between  tlie  fillet  and  the 
olive,  and  that  their  cells  of  origin  had  consequently  undergone  a  retrograde 
degeneration. 

Sjiinal  Cord. — In  the  uppermost  cervical  sections  (fig.  fi),  the  central  canal 
was  represented  by  a  solid  cluster  of  ependymal  cells.  Areas  of  gliosis 
were  present  on  tlie  left  side  of  it  and  behind  it  in  the  ventral  part  of  the 
dorso-median  septum.  From  the  latter  area  a  cavity  extended  along  the 
dorso-mesial  aspect  of  the  right  dorsal  horn,  the  nerve  cells  in  which  were 
much  less  numerous  than  on  the  left  side.  From  the  ventro-mesial  end  of  this 
cavity  an  area  of  gliosis  ran  a  short  way  into  the  ventral  part  of  the  column  of 
Burdach. 


Fig.  7. — Third  cervical  segment  of  cord.     r.II.,  ventral  horns. 


At  a  rather  lower  level  (fig.  7),  the  cavitation  had  extended  through  both 
dorsal  horns  and  the  grey  commissui'e,  occupying  the  situation  of  the  central 
canal,  of  which  no  trace  could  be  seen.  At  this  level  the  walls  of  the  cavity 
were  lined  with  a  definite  layer  of  gliosis,  which  varied  in  thickness  and,  as  in 
the  higher  sections,  spread  into  the  ventral  parts  of  tlie  column  of  Goll  and 
the  right  column  of  Burdach.  At  the  level  of  the  seventh  cervical  segment  the 
cavity  had  spread  forward  to  reach  the  venti-al  median  fissure,  and  laterally 
to  the  bases  of  both  ventral  horns.  Extensions  ran  backwards  a  short  distance 
down  the  left  dorsal  horn,  and  down  the  outside  of  the  right  dorsal  horn 
almost  to  the  margin  of  the  cord.  The  wedges  of  gliosis  which  were  seen  at 
higher  levels  extending  between  the  columns  of  Goll  and  into  the  right  column 
of  Burdach  were  still  evident  at  this  level,  the  lateral  wedge  being  rather  larger 
than  it  was  above.  Except  for  these  wedges,  the  glial  lining  surrounded  the 
cavity-  fairly  regularly,  and  had  a  sharply  marked  outer  border.  The  cavity 
its#tks5fas  lined  j/over  a  considerable  part  of  its  walls  by  a  definite  layer  of 
fibrous  .issue,  ^Tiich  was  continuous  with  the  pia  mater  of  the  ventral  median 
fi'^ture.  Id^nv  thick-walled  blood-vessels  lay,  apparently  free,  within  the 
g  of  some  of  these  was  completely  occluded,  but  in  others 
reri  Dioo^  uurpuncawicomS  T)e  ^on. 
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The  gliosis  round  the  central  cavity  was,  however,  still  more  regular 
at  the  level  of  C  8  (fig.  8).  Here  it  assumed  a  modified  trefoil  appearance 
and  corresponded  closely  to  the  shape  and  extent  of  the  central  canal  of  the 
lumbar  cord  in  Case  II  (fig.  22).  It  extended  from  the  venti-al  median  fissure 
laterally  to  the  bases  of  both  ventral  horns,  and  dorsally  a  short  distance  down 
the  doi'sal  median  septum  ;  the  lateral  areas  of  gliosis  were  club-shaped,  and 
their  outer  ends  swollen  and  rounded.  Its  outer  border,  that  is  the  line  at 
which  myelinated  fibres  appeared,  was  everywhere  clear  cut  and  regular. 


Fig.  8. — Cord  at  Sth  cervical  segment.     D.M.S.,  Dorsal  median  septum; 
V.M.F.,  ventral  median  fissure. 


Throughout  the  cervical  region  of  the  cord  the  nerve  roots,  both  ventral  and 
dorsal,  were  well  myelinated  and  appeared  to  be  of  normal  thickness.  There 
was  no  gross  atrophy  of  tracts  apart  from  the  areas  of  gliosis  already  described, 
but  the  left  ventro-lateral  column  stained  rather    less  deeply  than  the  right. 

In  the  upper  thoracic  region  of  tlie  cord  the  gliosis  was  limited  to  an 
elongated  oval  running  from  the  neighbourhood  of  the  ventral  median  fissure 
through  the  region  of  the  central  canal  and  dorsally  for  about  two-thirds  of 
the  length  of  the  dorsal  median  septum.  In  the  more  caudal  segments 
this  area  was  separated  from  the  ventral  median  fissure  by  some  myelinated 
fibres  of  the  white  commissure,  but  its  shape  and  extent  remained  otherwise 
constant.  Its  outer  border  was  as  definite  and  clear  cut  as  in  the  lowest 
cervical  segments.  The  cavity,  which  was  limited  to  a  small  slit  in  its 
centre,  showed  no  lining  of  connective  tissue.  The  white  matter  of  the  cord 
appeared  normal  at  this  region,  except  for  the  extreme  thinness  of  the  white 
commissure,  and  for  an  area  of  pallor  extending  backwards  from  the  dorsal 
end  of  the  central  gliosis  along  the  dorsal  median  septum.  In  the  lower 
thoracic  region  this  central  gliosis  lay  definitely  beliind  the  column  of 
ependymal  cells  representing  the  central  canal  of  the  cord,  and  was  separated 
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from  it  by  a  few  fine  myelinated  fibres,  some  of  which  ran  longitudinally,  while 
others  passed  across  from  one  side  of  the  cord  to  the  other. 

It  is  impossible  from  the  material  at  our  disposal  to  determine  tlie  level  of 
the  lower  end  of  the  gliosis  in  the  cord,  but  it  had  ceased  at  the  level  of  the 
first  lumbar  segment.  From  here  downwards  through  the  lumbo-sacral 
enlargement  and  conus  meduUaris  the  central  canal  was  represented  by  a  fairly 
large  rounded  clump  of  ependymal  cells,  which  however  did  not  show  the 
circular  arrangement  seen  in  Case  II.  Their  appearance  was  indeed  similar  to 
what  is  usually  found  in  adult  cords  at  this  level. 

Kelationship  of  Clinical  Signs  to  Pathological  Changes. 

In  this  case  there  are  several  clinical  signs  which  it  is  very  difficult 
to  explain  by  the  pathological  changes  discovered,  although  others  admit 
of  a  simple  explanation. 

The  anaesthesia  over  the  area  supplied  by  the  right  trigeminal  nerve 
was  accounted  for  by  the  involvement  of  the  substantia  gelatinosa  Rolandi, 
and  the  degeneration  in  the  descending  trigeminal  root  on  that  side. 

The  wasting  of  the  right  half  of  the  tongue  was  obviously  a  result  of 
the  atrophy  of  the  nucleus  and  fibres  of  the  right  hypoglossal  nerve. 
Both  this  and  the  paralysis  of  the  right  abducens  nerve  were  probably 
due  to  the  area  of  cavitation  and  gliosis  which  lay  between  the  inner  end 
of  the  right  olive  and  the  pyramidal  tract.  From  the  material  at  our 
disposal  we  are  unable  to  give  an  anatomical  explanation  of  the  weakness 
of  the  muscles  supplied  by  the  fifth  and  seventh  nerves  on  the  right 
side.  The  nystagmus  may  be  attributed  to  the  lesion  of  the  descending 
root  of  the  right  vestibular  nerve. 

This  case  presented  the  unusual  feature  that  the  anaesthesia  on  the 
right  half  of  the  body  was  nowhere  dissociated.  The  area  of  complete 
loss  of  appreciation  of  light  touch  was  exactly  the  same  as  that  in 
which  pin-prick  and  heat  and  cold  were  not  recognized,  and  where  one 
form  of  cutaneous  sensibility  was  reduced  but  not  abolished,  the  others 
were  similiarly  diminished.  The  apparent  anomaly  admits,  however,  of 
a  simple  explanation.  It  is  generally  believed  that  tactile  impressions 
are  conveyed  to  the  thalamus  by  two  sets  of  fibres  ;  one  set  crosses  in 
the  cord  along  with  the  fibres  conveying  thermal  and  painful  sensations 
to  the  opposite  ventro-lateral  column,  while  the  other  ascends  in  the 
dorsal  columns  to  the  dorsal  nuclei  of  the  medulla,  and  thence  by 
internal  arcuate  fibres  and  the  mesial  fillet.  But  in  this  case  the  fibres 
passing  from  the  right  dorsal  nuclei  to  the  left  fillet  were  interrupted  by 
the  gliosis  which  spread  out  from  the  floor  of   the  fourth  ventricle,  and 
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consequently  this  path,  which  in  syringomyeha  generally  remains  open 
for  tactile  impressions,  was  broken.  No  dissociation  of  cutaneous  sensa- 
tions coming  from  the  right  side  of  the  body  was  therefore  possible, 
since  the  only  effective  path  for  tactile  sensibility  was  the  same  as  that 
for  thermal  and  painful  impressions.  The  fibres  of  this  path  cross  in 
the  anterior  commissure  a  considerable  distance  above  their  cells  of 
origin  m  the  dorsal  horn,  and  are  believed  to  retain  their  segmental 
arrangement  until  they  have  crossed.  Therefore  the  fibres  arising 
from  cells  in  the  right  dorsal  horn  of  the  lower  lumbar  segments  may 
have  been  interrupted  in  the  lower  thoracic  region  of  the  cord  by 
a  small  lateral  extension  of  the  central  disease,  which,  however,  left 
intact  the  fibres  arising  at  lower  and  higher  levels. 


Fig.  9a. — Case  II.     Anaesthesia  in  1902. 


The  second  case  which  we  are  about  to  relate  seems  to  be  worthy 
of  record  because  of  the  interesting  character  of  the  morbid  condition 
from  which  the  patient  suffered,  and  of  the  long  period  over  which 
it  was  possible  to  observe  her  and  to  note  the  progress  of  the 
malady. 

She  came  (A.  0.),  a  girl  of  22,  to  see  one  of  us  (J.  T.)  in  the  out-patient 
room  at  Queen  Square,  in  1902,  complaining  of  weakness  in  her  left  arm  and 
hand  which  had  been  present  for  two  or  three  years.     This,  she  said,  had  com- 
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Fig.  9b.— Case  II.     Analgesia  in  1902. 


Fig.  9c. — Case  II.     Thermansestbesia  in  1902. 
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menced  five  years  before,  and  was  first  noticed  after  she  had  had  an  abscess- 
over  the  left  first  dorsal  interosseous  muscle.  This  abscess  was  opened  with- 
out an  anaestlietic,  and  the  surgeon  complimented  her  on  her  "pluck."  But, 
as  she  laughingly  observed,  she  deserved  no  credit,  for  the  operation  was 
absolutely  painless!  After  this  she  began  to  have  "pins  and  needles"  in 
her  left  hand,  which  gradually  spread  up  to  her  shoulder.  Numbness  was 
superadded,  and  in  1901  muscular  weakness  and  contraction  of  the  hand 
developed.  She  was  admitted  to  the  hospital  in  1902.  Apart  from  the  weakness 
of  the  arm  and  hand  and  the  anaesthesia  shown  in  the  charts  (figs.  9  A,  B,  and  c), 
nothing  was  noted  except  marked  nystagmoid  jerking  of  the  eyeballs.  She 
remained  in  hospital  for  two  months,  and  was  afterwards  for  a  time  at  the 
convalescent  home.  There  was  no  difficulty,  even  in  the  out-patient  room,  in 
making  a  diagnosis  of  syringomyelia,  and  examination  in  hospital  confirmed 
the  out-patient  diagnosis.  There  was  nothing  significant  in  her  personal 
history  or  family  history,  except  that  a  sister  liad  died  of  probably  disseminated 
sclerosis. 


Fig.  10.— Case  II.     Showing  scoliosis  in  1905. 


She  was  re-admitted  to  the  hospital  in  1905  and  then  she  complained  of 
weakness  of  the  left  leg  as  well  as  of  the  left  arm.  There  was  no  wasting  of 
the  leg  muscles,  but  there  was  an  exaggerated  knee-jerk  on  this  side  and  also 
ankle-clonus.  A  definite  lateral  curvature  of  the  spine  had  now  developed 
(fig.  10).  The  left  hand  w^as  a  cliaracteristic  vial7i  en  griffe,  but  the  wasting 
was  masked  to  a  great  extent  by  what  has  been  described  as  a  "succulent" 
appearance  of  tlie  back  of  the  hand  and  fingers  (figs.  11  and  12)  ;  there  was  a 
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purplish  redness  and  an  appearance  as  if  tlie  hand  were  cold,  although  to  the 
touch  it  felt  quite  warm.  The  wasting  had  spread  up  the  left  arm  to  affect  the 
muscles  of  the  shoulder-girdle,  and  tliere  was  also  some  wasting  of  the  muscles 
of  the  right  slioulder.  The  nystagmus  was  more  marked  than  hefore,  hut  the 
sensory  condition  was  little  changed. 


Fig,   11.— Case  II.     Patient  in  1905. 


Fig.  12. — Case  II.     Showing  swollen  appearance  of  the  left  hand. 


She  was  again  admitted  on  May  15,  1909.  The  weakness  in  the  left  arm 
and  leg  had  increased  and  there  was  wasting  in  the  left  calf.  The  plantar 
reflex  was  now  extensor  on  both  sides,  and  she  complained  of  numbness  of  the 
whole  of  the  left  side.  There  was  some  unsteadiness  in  standing  and  a  little 
difficulty  in  passing  urine.      The  trophic  change  in  the  left  hand  was  now 
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Fig.  13a.— Case  II.     Analgesia  in  1909. 
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Fig.  1:3b.— Thermanaesthesia  in  1909 
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more  marked  ;  the  hand  was  swollen  and  of  a  i)urplish  red  colour  all  over.  The 
sensory  changes  are  shown  in  the  diagram  (tigs.  13  A  and  b).  She  was  again 
admitted  on  Fehruary  22,  1911.  There  was  no  marked  change  except  that 
there  was  now  slight  wasting  of  the  right  hand,  partial  ptosis  of  the  left 
eyelid,  more  marked  nystagmus,  and  greater  weakness  of  the  lower  extremities 
with  increased  spasticity  of  tlieni.  She  had  on  this  occasion  a  discharging 
painless  hoil  on  the  right  buttock  :  she  also  complained  of  some  difficulty  in 
articulating,  although  this  was  not  noticeable.  The  analgesia  recorded  on  this 
occasion  is  shown  in  lig.  14. 


Fig.  14. — Case  II.     Analgesia  in  I'Jll. 


She  was  in  hospital  also  in  1916  but  no  change  of  consequence  seems  to  have 
been  noted.  Her  weakness  in  the  upper  limbs  had  increased  and  there  was 
greater  difficulty  in  walking.  She  was  more  pale  and  anaemic  than  before. 
There  was  no  marked  alteration  in  the  condition  of  sensation. 

On  admission  again,  on  March  3,  1919,  her  condition  was  one  of  great 
helplessness.  She  was  quite  unable  to  get  about  on  account  of  the  great 
weakness  of  the  lower  limbs,  whicli  she  could  only  move  a  little  in  bed.  Her 
left  arm  was  powerless  and  her  right  almost  as  weak.  She  could  not  raise  her 
head  from  the  pillow.  The  nystagmus  was  marked  and  very  coarse,  and  she 
complained  that  objects  always  seemed  to  be  dancing  up  and  down.  The 
wasting  was  general  but  more  marked  on  the  left  side ;  it  included  the  sterno- 
mastoids  and  erectores  spinae.  The  knee-jerks  and  ankle-jerks  were  still 
active ;  there  was  bilateral  ankle-clonus  and  each  plantar  reflex  was  extensor. 
The  abdominal  reflexes  were  absent,  and  there  was  some  difficulty  in  passing 
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Fig.  15a. — Case  II.     Analgesia  in  1919. 


Fig.  15b. — Tactile  anaesthesia  in  1919. 
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urine.  The  sensory  clianges  then  present  are  represented  in  figs.  15  A  and  B. 
She  was  sent  to  the  Convalescent  Home  at  Finchley,  where  she  died  on 
April  13.  1921. 

We  have  here,  then,  a  case  of  a  girl  with  nothing  significant  in  her 
personal  liistory,  and  the  only  point  to  note  in  the  family  was  the  possible 
occurrence  of  disseminated  sclerosis  in  a  sister.  At  the  age  of  17  she  had  a 
painless  abscess  on  the  left  hand,  the  evacuation  of  which  by  incision  was 
also  unattended  by  pain.  The  subjective  sensation  of  numbness  in  the 
left  liand  which  was  experienced  a  year  later,  in  the  course  of  four  or 
five  years  spread  up  the  left  arm  to  the  shoulder.  At  the  age  of  22,  i.e.,  five 
years  after  the  first  symptoms  appeared,  she  came  under  observation  with 
wasting  of  tlie  left  arm  and  the  disturbance  of  sensation  depicted  in  the 
charts.  From  this  time  onwards  there  was  a  slow  but  steady  extension  of 
the  numbness,  wasting  and  weakness,  with  signs  indicating  involvement  of  the 
lateral  columns  and  of  the  fifth  cranial  nerves.  The  muscular  wasting  and 
consequent  weakness  resulted  in  almost  complete  immobility  of  the  limbs  and 
trunk,  and  the  sensory  impairment  also  extended.  Death  occurred  at  the 
age  of  42,  twenty-five  years  after  the  commencement  of  the  illness. 

PATHOLOGICAL  EXAMINATION. 

A  post-mortem  examination  was  made  on  April  14,  1921. 

The  body  was  generally  emaciated,  but  there  was  especially  severe  wasting 
of  both  upper  limbs,  perhaps  rather  greater  on  the  right  side  than  the  left. 
There  was  a  recent  acute  bed-sore  over  the  back  of  the  right  shoulder. 

The  brain  and  cord  were  removed  and  suspended  in  10  per  cent,  formalin 
saline. 

The  brain  was  abnormally  long,  measuring  19  cm.  in  length  and  14  cm.  in 
width.  There  was  a  slight  degree  of  hydrocephalus,  the  anterior  and  posterior 
horns  of  the  ventricles  being  about  2  cm.  wide  and  having  rounded  tips. 
Apart  from  this  the  brain  showed  no  gross  abnormality  above  the  level  of  the 
medulla. 

The  cord  in  the  lower  cervical  and  upper  thoracic  regions  was  a  very  thin- 
walled  tube,  filling  the  spinal  canal  and  containing  clear  fluid  like  cerebrospinal 
fluid. 

After  fixation  in  formalin  pieces  from  each  of  the  segments  of  the  cord 
were  placed  in  Weigert's  primary  mordant,  the  cavity  in  them  being  filled 
with  threads  of  pyroxylin.  These  dissolved  out  during  the  further  processes 
of  embedding  in  celloidin,  leaving  rings  of  spinal  cord  in  much  the  shape  that 
they  would  have  assumed  during  life.  Transverse  sections  from  the  mid-brain, 
pons,  and  medulla  (the  lower  part  of  which  was  cut  in  serial  sections),  and 
from  each  of  the  spinal  segments,  were  stained  both  by  the  Kultschitsky-Pal 
method,  and  by  alum-haematoxylin  with  van  Gieson's  counterstain. 

Pieces  of  the  left  ulnar  nerve  and  a  branch  of  the  median  (probably  a 
sensory  branch),  and  of  the  flexor  sublimis  digitorum  and  flexor  carpi  ulnaris 
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muscles  were  also  taken  out  and  fixed  in  10  per  cent,  formalin  saline.  The 
nerves  were  treated  by  the  Weigert-Pal  (Kultschitsky-Pal)  and  Marchi-Busch 
methods,  and  the  muscles  embedded  in  celloidin  and  sections  stained  with 
haematoxylin  and  van  Gieson's  counterstain. 

The  cavity. — The  actual  cavity  extended  from  the  middle  of  the  medulla 
down  to  the  upper  border  of  the  third  lumbar  segment.  In  the  medulla  it  took 
the  form  of  an  irregular  oblique  slit  which  passed  from  the  middle  line  of  the 
floor  of  the  fourth  ventricle  forwards  and  to  the  left  towards  the  line  of 
emergence  of  the  ninth,  tenth  and  eleventh  left  cranial  nerves.  In  the  upper 
cervical  cord  the  slit  extended  through  the  grey  matter  of  the  dorsal  horns 
and  grey  commissure,  from  the  entrance  of  the  posterior  roots  on  one  side 
to  the  corresponding  point  on  the  other  side,  being  at  some  levels  continuous 
with  the  central  canal  of  the  cord,  at  others  separate  from  it.  In  the  middle 
cervical  region  the  cavity  quickly  widened  and  the  cord  from  that  level 
down  to  the  lower  end  of  the  thoracic  region  was  hollowed  out  into  a  tube ; 
the  width  was  greatest  and  the  walls  were  thinnest  in  the  cervical  enlargement, 
and  the  tube  gradually  narrowed  as  it  passed  down  through  the  thoracic  region 
as  far  as  the  seventh  thoracic  segment ;  here  it  began  to  dilate  again,  but  at 
the  first  lumbar  segment  it  closed  down  abruptly  to  a  small  transverse  slit 
which  hardly  extended  laterally  beyond  the  grey  commissure.  Below  this 
for  two  segments  there  was  a  dilated  central  canal,  but  in  the  third  lumbar 
segment  it  was  occluded  and  there  was  no  cavity  in  the  remainder  of  the  cord. 

In  every  microscopic  section  in  which  cavitation  was  present  there 
appeared  also  an  area  of  gliosis  ;  it  was  nearly  always  in  contact  with  the 
cavity,  at  some  levels  surrounding  it  entirely  and  being  widest  about  its  angles, 
so  that  the  conclusion  was  irresistible  that  the  cavity  was  formed  by  the 
splitting  of  gliosed  tissue  and  subsequent  widening  of  the  split  Ijy  breaking 
down  of  its  walls. 

Occasionally  small  isolated  areas  of  gliosis  were  found  in  the  white  matter, 
especially  between  dorsal  columns  (fig.  21),  but  on  the  whole  it  appeared  that  the 
gliosis-cavitation  process  overcame  the  grey  matter  with  greater  ease  than  the 
white  ;  at  many  levels  the  grey  matter  was  almost  entirely  eroded  while  a 
considerable  amount  of  white  remained,  and,  moreover,  when  the  cavity  came 
to  the  surface  of  the  cord,  as  it  often  did,  it  generally  did  so  along  the  lines  of 
the  posterior  horns. 

Changes  in  the  medulla  •' — 

Gliosis  was  carefully  sought  for  in  all  parts  of  the  central  nervous  system. 
No  trace  of  it  was  found  in  the  cerebral  hemispheres,  mid-brain,  pons  or 
upper  medulla ;  its  upper  limit  was  in  the  medulla  about  the  cerebral  end 
of  the  hypoglossal  nucleus,  but  this  level  was  not  accurately  determined.  At 
the  level  of  the  tip  of  the  calamus  scriptorius  the  morbid  change  was  exten- 
sive and  the  oblique  slit  already  mentioned  was  present  (fig.  16).  In  the 
middle  line  there  was  an  extension  of  the  cavity  of  the  ventricle  between 
the  hypoglossal  nuclei.  On  the  left  side  the  slit  passed  almost  to  the 
periphery,    following   roughly    the   line   of    the   tenth    nerve   roots,    ^  id   not 
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only  %Yas  all  the  area  behind  it  more  or  less  degenerated,  but  it  ^vould 
appear  from  oomparison  with  the  right  side  that  there  had  been  consider- 
able loss  of  tissue.  The  most  dorsal  part  of  the  twelfth  nucleus,  the 
dorsal  bundle  of  Schi'itz  and  the  dorsal  nucleus  of  the  tenth  and  eleventh 
nerves,  having  lain  in  the  line  of  the  slit,  were  missing,  and  the  descending 
nucleus  of  the  trigeminus  could  not  be  distinguished.  Dorsal  to  the  slit  the 
nuclei  of  tlie  posterior  columns  were  destroyed  by  gliosis,  and  the  fasciculus 
solitarius  showed  degeneration  and  was  devoid  of  surrounding  cells.  The  area 
of  the  pyramidal  tract  was  pale  on  both  sides,  especially  on  the  right,  some  of 
its  fibres  having  degenerated  up  to  this  level  (retrograde  degeneration). 
Emerging  fibres  of  the  hypoglossal  nerve  were  fewer  on  the  left  than  on  the 
right,  and  though  the  nucleus  of  the  nerve  showed  no  gliosis  it  was  deficient 
in  cells. 


Right.  .     Left. 

Fig.  16. — The  right  mesial  fillet  is  severely  degenerated,  and  the  left  fasciculus  solitarius 
has  almost  disappeared.     L.d.,  Lateral  diverticulum  or  slit. 


In  the  lowest  part  of  the  medulla  (fig.  17)  the  amount  of  gliosed  tissue 
was  much  smaller  relative  to  the  cavity  than  at  the  level  of  the  calamus,  and 
at  the  decussation  of  the  pyramids  the  loss  of  tissue  on  the  left  side  of  the 
medulla  had  been  so  great  that  this  side  was  only  about  one-third  the  size  of 
its  fellow.  The  slit  had  inclined  ventrally  on  attaining  this  level  and  had 
reached  the  periphery  on  the  left,  while  in  front  of  it  a  column  of  gliosis 
had  formed  round  the  central  canal.  By  the  erosion  on  the  left  side  the  left 
pyramidal  tract  had  been  completely  destroyed  just  after  it  crossed,  and  by 
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Fig.  17. — The  whole  of  the  right  pyramid  and  the  lateral  part  of  the  left  are 
degenerated.  The  internal  arcuate  fibres  coming  from  the  right  dorsal  column 
nuclei  stain  normally,  but  those  from  the  left  have  disappeared.  D.M.S.,  dorsal 
median  septum,  V.M.F.,  ventral  median  fissure. 
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iVenlral  m edian fissure 
Fig.  18.— Case  II.     Cord  at  level  of  second  cervical  segment. 
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the  gliosib  round  the  central  canal  those  fibres  of  the  right  pyramidal  tract 
which  had  lain  most  posteriorly  in  the  decussation  were  also  interrupted.  The 
interrupted  fil)res  on  both  sides  evidently  degenerated  both  upwards  and  down- 
wards from  the  lesion,  with  the  result  that  immediately  above  its  decussation 
the  right  pyramid  was  almost  entirely  degenerated  and  the  left  pyramid  at  the 
same  level  showed  degeneration  of  its  lateral  part ;  the  descending  degeneration 
had  an  important  influence  on  the  appearance  of  the  sections  of  the  cord. 

No  central  canal  was  present  at  this  level  l)ut  in  its  position  there  was  an 
area  of  gliosed  tissue  with  a  large  circular  clump  of  ependymal  cells.  A  little 
lower  down,  the  canal  itself  appeared,  with  the  ependymal  cells  quite  regularly 
arranged  around  it  (fig.  18). 

These  primary  lesions  gave  rise  to  otlier  changes  of  a  secondary  nature 
both  at  their  own  and  at  other  levels.  A  consequence  of  the  destruction  of 
the  nuclei  of  the  posterior  columns  and  of  the  interposition  of  the  slit  was  the 
total  absence  of  internal  arcuate  fibres  in  the  left  half  of  the  medulla  and 
therefore  of  the  median  fillet  on  the  right  :  this  default  of  the  fillet  on  the 
right  side  was  very  striking  in  all  sections  up  to  the  mid-brain.  At  the  level  of 
the  calamus,  the  area  from  whicli  the  fillet  liad  disappeared  seemed  to  have 
shrunk,  drawing  forward  the  tecto-spinal  and  posterior  longitudinal  bundles 
(fig.  16). 


dc   Jrnf 


Fig.    19.— Case  II.     Cord  at  level  of   third    cervical    segment,     d.c.  Dorsal   columns; 
d.m.f.,  dorsal  median  septum;  v.h.,  ventral  horns;  v.vi.J.,  ventral  median  fissure. 


Another  consequence  of  the  interruption  of  the  arcuate  fibres  was  that  the 
restiform  body  on  the  left  side  was  much  smaller  than  tliat  on  tlie  right;  in 
fact  the  left  side  of  the  medulla  as  a  whole  was  smaller. 

The  ventral  and  probably  the  dorsal  cerebellar  tracts  were  degenerated 
both  at  this  level  and  above.  On  tlie  left  side  too,  above  the  level  of  the 
disease,  the  rubro-spinal  tract  was  degenerated  (retrograde). 

The  spinal  cord. — In  the  upper  cervical  sections  (fig.  19)  a  wide  fissure 
swept  riglit  across  in  an  arc  from   the  entrance  of  the  posterior  roots  on  the 
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left  to  the  pyramidal  tract  on  the  right,  reaching  the  periphery  at  both  sides. 
Lying  ventral  to  it  in  the  middle  line  was  the  column  of  gliosis  seen  in  the 
lower  medulla,  with  the  central  canal  now  beginning  to  appear  in  it.  Of  the 
grey  matter  only  the  ventral  horns  and  the  tip  of  the  right  dorsal  horn 
remained.  The  left  pyramidal  tract  was  represented  only  by  a  few  fibres 
and  the  right  i^yramidal  tract  showed  extensive  degeneration ;  the  dorsal 
columns  of  the  left  side  were  small,  especially  that   of   Burdach  ;    on  the  right 


Fig.  20. — Case  II.  Cord  at  level  of  che  cervical  enlargement.  D.C.,  dorsal  columns. 
D.vi.f.,  dorsal  median  septum  ;  v.h.,  ventral  horns  ;  v.n.r.,  ventral  roots  ;  v.m.f., 
ventral  median  fissure. 


side  the  ventral  part  of  the  column  of  Goll  showed  considerable  gliosis  ;  the 
ventro-median  columns  of  both  sides  and  the  ventro-lateral  of  the  left  liad 
undergone  partial  secondary  degeneration. 

Passing  downwards,  the  central  canal  first  widened  and  llien  became  con- 
tinuous with  the  cavity.  It  was  surrounded  by  a  large  number  of  cells, 
apparently  ependymal,  and  the  ependyma  formed  a  lining  for  part  of  the 
ventral  wall  of  the  cavity.  The  cavity  in  the  fourth  cervical  segment  extended 
on  both  sides  along  the  lines  of  the  dorsal  horns  but  did  not  quite  reach  the 
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periphery.     At  the  edges  of  the  cavity  large  numbers  of  cells  were  present  but 
they  did  not  form  a  boundai-y  or  lining  ;  they  were  apparently  glial. 

In  the  cervical  enlargement  (fig.  20),  the  sections  were  irregular  rings,  the 
sides  of  which  were  formed  chiefly  by  portions  of  the  ventral  and  dorsal 
columns  ;  the  left  pyramidal  tract  was  completely  degenerated  and  tlie  right 
extensively  but  not  completely  so.  Very  small  portions  of  the  ventral  horns 
were  present. 


Fig.  2].  — Case  II.  Cord  in  mid-thoracic  region,  d.c.  Dorsal  columns  ;  the  pale 
oval  area  between  them  is  a  patch  of  gliosis  extending  from  the  central  disease; 
d.m.f.,  dorsal   median  septum;  r./i.,  ventral  horns ;  r.w./.,  ventral  median  fissure.  ■ 


Fig.   22.  — Case  II.     Dilated  central  canal  at  level  of  second  lumbar  segment. 
D.,  Dorsal  extension  ;  L.,  lateral  extension. 


Mucli  the  same  may  he  said  of  tlie  thoracic  cord,  but  the  ventral  and 
dorsal  columns  were  more  compact,  and  tlie  ring  being  smaller  its  walls 
were  thicker,     k  greater  part  of  the  ventral  horns    persisted.     Mere  gliosed 
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tissue  remained  round  the  cavity,  and  at  various  levels  the  gliosis  extended 
backwards  between  relatively  healthy  dorsal  columns  (fig.  21). 

At  the  first  lumbar  segment  the  cavity,  as  has  been  said,  narrowed  quickly 
and  appeared  almost  like  a  transversely  dilated  central  canal.  Its  ependymal 
lining  was  not,  however,  complete,  and  it  was  surrounded  by  a  zone  of  glial 
tissue  containing  a  large  number  of  cells  which  were  ependymal  in  nature. 
The  same  appearances  prevailed  down  to  the  third  lumbar  segment  (fig.  22). 

The  outline  of  the  cavity  in  the  lumbar  cord  is  particularly  interesting, 
first,  since  it  is  similar  to  that  of  a  stage  of  the  developing  canal,  and  secondly 
because  a  cavity  of  just  this  shape  prolonged  a  little  to  one  side,  as  it  was  in 
the  first  lumbar  segment,  would  interrupt  the  crossing  pain  and  temperature 
fibres  from  that  side  without  affecting  the  touch  fibres  going  to  the  dorsal 
column,  and  so  produce  a  unilateral  dissociated  anaesthesia.  A  similar  extension 
to  the  other  side  or  a  sliglit  extension  for%vards  would  make  the  sensory  loss 


,«*^-  *'  •'.*^>^.  /' 


Fig.  23. — Case  II.     Section  of  fourth  sacral  segment  ;  ring  of  ependymal  cells 
surrounding  a  pencil  of  glial  tissue.     Note  the  clear  zones  around  the  vessels. 


symmetrical.  One  imagines  that  such  a  lesion  if  placed  in  the  cervical  cord 
might,  in  the  absence  of  any  interruption  higher  up,  be  the  cause  of  the 
dissociated  sensory  loss  in  one  arm,  which  was  the  first  symptom. 

The  cavity  was  completely  closed  at  the  third  lumbar  segment.  In  the 
I'est  of  the  cord  a  slender  pencil  of  finely  reticular  substance  occupied  the 
site  of  the  central  canal,  containing  irregular  clumps  of  ependymal  cells  ;  in  the 
low^est  segments  these  were  arranged  in  a  fairly  regular  ring  around  it  (fig.  23). 

Wherever  gliosis  or  cavitation  was  seen,  the  large  number  and  size  of  the 
vessels  in  and  around  the  affected  parts  was  noticeable ;  often  they  were 
actually  free  within  the  cavity-  Apparently  the  vessels  were  more  resistant  to 
the  pi'ocess  of  gliosis  and  erosion  than  the  nervous  elements,  with  the  result 
that  those  from  the  destroyed  areas  came  together  near  the  cavitv. 
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Tlie  vessels  which  hiy  in  or  near  an  area  of  gliosis,  but  still  surrounded  hy 
couipact  tissue,  were  usually  encircled  hy  a  small  pale-staining,  transhicenfc 
zone  or  by  a  small  clear  space  ;  this  appearance  was  best  seen  m  the  lower 
parts  of  the  cord  (tig.  23).  This  feature  has  been  descril)ed  by  Schlesinger 
and  by  otiiers. 

Perijiheral  ?/t'nv.s.— Sections  of  tlie  branch  of  the  left  median  nerve  showed 
no  abnormality  either  by  the  Weigert-Pal  or  Marchi-Busch  metliods.  The 
left  ulnar  nerve  on  the  other  hand  showed  gross  degenex^ation.  In  sections 
stained  by  the  Weigert-Pal  method  with  van  Gieson's  counterstain,  many  of 
the  nerve  bundles  showed  no  trace  of  myelinated  fibres.  In  others  there  wei'e 
small  collections  of  fatty  droplets  whicli  stained  more  deeply  by  the  Weigert- 
Pal  than  the  Marchi  method ;  they  ai)peared  to  be  collections  of  altered 
myelin  in  the  bodies  of  phagocytic  cells  and  were  evidence  that  some  of  the 
nerve  degeneration  had  taken  place  at  a  comparatively  recent  date.  Here  and 
there  were  bundles  of  fibres  which  retained  some  myelin  sheatlis,  but  in  most 
of  these  the  proportion  of  fine  to  coarse  myelin  sheaths  was  very  much  greater 
than  the  normal.  In  some  small  bundles  only  a  single  myelinated  fibre  could 
be  seen. 

Muscles. — The  flexor  sublimis  digitorum  showed  changes  typical  of  a  muscle 
which  has  degenerated  in  consequence  of  a  lesion  of  its  motor  nerve.  In  cross 
sections  some  fibres  appeared  of  nearly  normal  siz;e,  but  their  outline  was 
rounded  and  in  many  the  centre  of  tlie  fibre  stained  palely.  Other  fibres  were 
much  smaller  than  normal;  their  shape  was  irregularly  polygonal  with  rounded 
edges,  and  the  nuclei  of  the  sarcolemma  sheath  were  increased  in  number  and 
often  had  penetrated  into  the  interior  of  the  fibre.  The  muscle  spindles  and 
some  of  the  nerve  bundles  in  their  neiglibourhood  (i.e.,  presumably  sensory 
nerve  fibres)  appeared  normal. 

In  longitudinal  sections  of  this  muscle  it  was  possible  to  make  out  trans- 
verse striation  in  most  of  the  fibres,  but  it  was  less  well  marked  than  normal, 
and  in  some  of  the  fibres  was  almost  invisible.  Chains  of  nuclei  running  in 
or  between  the  muscle  fibres  were  very  common,  and  most  of  the  fibres  showed 
an  excessive  number  of  nuclei  within  the  sarcolemma  sheath.  In  many 
places  there  were  clusters  of  darkly  staining  nuclei  lying  between  the  muscle 
fibres. 

In  the  flexor  carpi  ulnaris  the  changes  were  more  varied,  some  bundles  of 
fibres  being  comparatively  healthy,  others  presenting  an  appearance  similar  to 
that  seen  in  the  flexor  sublimis  digitorum,  and  still  others  showing  a  later 
stage  of  the  process  of  degenei'ation.  In  these  the  muscular  tissue  was 
represented  by  thin  fibres  with  no  sign  of  cross  striation,  containing  chains  of 
darkly  staining  nuclei  which  constituted  the  greater  part  of  the  substance  of 
the  muscle  fibre.  Transverse  sections  of  this  muscle  showed  in  contiguous 
areas  these  three  types  of  degeneration,  and  some  bundles  of  partially 
degenerated  fibres  were  surrounded  by  fibres  which  had  degenerated  comi^letely. 

Here,  as  in  the  flexor  sublimis,  the  muscle  spindles  were  healthy. 
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Relationship  of  Pathological  Anatomy  to  Symptoms. 

With  such  extensive  destruction  it  is  almost  impossible  to  draw 
conclusions  as  to  the  causation  of  symptoms.  A  suggestion  has  been 
made  already  to  explain  the  unilateral  sensory  loss  by  which  the  disease 
first  manifested  itself,  but  at  the  stage  at  which  the  patient  died  many 
pathological  factors  were  at  hand  to  account  for  her  almost  complete 
ansesthesia  :  as  interruption  of  the  spinal  commissure  throughout  the 
cord,  destruction  of  the  dorsal  root  zone,  lesions  in  the  dorsal  columns 
or  their  nuclei,  and  possibly  destruction  of  the  left  spino-thalamic  tract. 
The  weakness  and  wasting  of  the  muscles  of  the  neck  and  upper 
limbs,  and  the  trophic  disturbances  in  the  latter,  are  explained  by  the 
extensive  destruction  of  the  ventral  horns  in  the  cervical  and  first 
thoracic  segments.  The  spastic  paralysis  of  the  lower  limbs  was 
obviously  due  to  the  degeneration  of  the  pyramidal  tracts. 

The  dysarthria  must  be  associated  with  the  partial  destruction  of 
the  left  vagal  and  hypoglossal  nuclei. 

The  complete  sensory  loss  on  the  left  side  of  the  face  and  absence 
of  the  left  corneal  reflex  may  be  referred  to  the  lesion  of  the  descend- 
ing root  of  the  left  trigeminal  nerve  ;  that  sensation  was  lost  on  both 
sides  on  the  scalp  and  forehead  considerably  earlier  than  round  the  nose 
and  mouth  is  explained  by  the  fact  that  the  descending  fibres  of  the  first 
division  of  the  trigeminal  nerve  end  at  a  lower  level  than  those  of  the 
second  and  third  divisions  [11]  [14].  It  is  stated  that  the  fibres  of  the 
first  division  lie  ventro-medial  to  those  of  the  second  and  third  divisions, 
and  in  sections  just  above  the  lesion  the  more  ventrally  placed  fibres 
were  pale,  especially  on  the  left  side. 

The  smallness  of  the  pupils  and  the  partial  ptosis  of  left  upper  eye- 
lid are  accounted  for  by  destruction  of  the  sympathetic  centres  in  the 
cervical  or  upper  thoracic  cord. 

The  nystagmus  is  not  so  easy  to  explain.  Liedler  [7],  from  patho- 
logical and  experimental  evidence,  concluded  that  nystagmus  in  syringo- 
bulbia is  due  either  to  a  lesion  of  the  descending  vestibular  nucleus  of 
one  side,  or  to  interruption  by  the  fissure  of  fibres  passing  from  this 
nucleus  to  the  posterior  longitudinal  bundle  of  the  opposite  side,  and  his 
view  has  been  supported  by  Levy-Suhl  [6].  In  this  case,  however,  no 
lesion  of  the  descending  vestibular  nucleus  was  seen,  and  although  a 
careful  examination  revealed  no  difference  between  the  posterior  longi- 
tudinal bundles,  some  of  the  fibres  passing  to  them  from  the  left 
vestibular  nucleus  must  have  been  interrupted. 
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A  comparison  of  these  two  cases  from  the  pathological  aspect  reveals 
radical  diflerences  in  some  respects  in  spite  of  a  close  similarity  in 
others. 

The  most  striking  contrast  is  in  the  relationship  of  the  cavitation  to 
the  process  of  gliosis.  In  Case  I  there  was  much  more  gliosis  than 
cavitation.  For  example,  the  lesion  in  the  medulla  appeared  to  be 
almost  altogether  due  to  gliosis,  and  very  little  cavity  formation  had 
taken  place  in  that  region.  And  in  the  cord  also  the  amount  of  gliosis 
was  everywhere  much  more  extensive  than  the  cavity,  which,  over  almost 
the  whole  of  its  extent,  was  bounded  by  a  thick  wall  of  glial  tissue.  In 
Case  II,  on  the  other  hand,  the  most  prominent  feature  was  the  cavita- 
tion. In  the  medulla  relatively  little  gliosis  was  seen,  and,  although 
lower  down  in  the  cord  isolated  areas  of  gliosis  were  present,  they  were 
small  and  insignificant  in  comparison  to  the  size  of  the  cavity. 

This  pathological  difference  may  be  correlated  with  the  clinical 
histories  :  in  Case  I  the  morbid  process  ceased  to  progress  about  twenty 
years  before  the  patient's  death,  for  which  it  was  scarcely  responsible ; 
whereas  in  Case  II  it  continued  active,  rendering  the  patient  gradually 
more  helpless. 

With  the  scanty  knowledge  that  we  possess  as  to  the  nature  of  the 
pathological  process  at  work  in  this  disease,  the  relationship  of  cause 
and  effect  cannot  be  definitely  stated  ;  but  certain  features  presented 
by  these  two  cases  suggest  a  possible  explanation  of  the  arrest  of  the 
disease  in  the  first  case. 

It  has  been  noted  that  in  Case  II  the  ventricles  were  somewhat 
distended,  the  cervical  cord  swollen  to  considerably  above  its  normal 
size,  and  the  central  canal  in  the  lumbar  region  much  dilated.  In 
Case  I,  on  the  other  hand,  there  was  no  evidence  of  hydrocephalus, 
but  the  iter  of  Sylvius  was  unusually  large,  and  gave  the  appearance 
of  having  shrunk  to  the  shape  it  presented  in  cross  section  during  the 
process  of  fixation.  Further,  the  thick  concentric  cuff  of  glial  tissue 
which  surrounded  the  cavity  in  the  lower  cervical  and  dorsal  regions  of 
the  cord  conveyed  the  impression  that  it  had  been  formed  in  response 
to  some  tension  or  pressure  from  within  the  cavity.  There  is  thus 
in  both  cases  evidence  that  the  cerebrospinal  fluid  in  the  ventricles 
and  central  canal  of  the  cord  was  under  abnormally  high  pressure, 
and  that  this  was  one  of  the  factors  leading  to  cavitation  in  the 
medulla  and  cord.  In  Case  I  either  this  pressure  had  fallen,  or  the 
glial  tissue  surrounding  the  cavity  had  become  firm  enough  to  withstand 
the  destructive  effects  of  the  increased  pressure. 
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It  is  usually  taught,  and  is  probably  true,  that  the  process  of  gliosis 
in  syringomyelia  is  primary,  and  that  it  is  the  breaking  down  of  the 
new-formed  glial  tissue  which  is  responsible  for  the  cavitation  in  the 
cord.  But  it  must  be  remembered  that  glial  tissue  is  in  all  probability 
endowed  with  a  very  slow  rate  of  growth,  and  that  although  in  the 
earlier  stages  of  this  process  it  is  extremely  fragile,  in  the  later  stages 
it  is  probably  firmer  than  normal  nervous  tissue.  Therefore,  if  the 
destructive  process  ceased  for  a  time,  the  glial  tissue  might  become  firm 
enough  to  resist  any  further  cavitation. 

In  Case  I  it  is  possible  (and  an  examination  of  the  cervical  region  of 
the  cord  bears  out  the  suggestion)  that  the  fluid  had  formed  a  channel 
by  which  it  could  escape  into  the  subarachnoid  space,  and  that  the 
formation  of  this  channel  coincided  with  the  arrest  in  the  progress 
of  the  disease. 

The  association  of  syringomyelia  with  symptoms  of  increased  intra- 
cranial pressure,  such  as  headache  and  vomiting,  has  been  observed  by 
many  authors.  In  some  such  cases  the  post-mortem  examination  has 
shown  the  existence  of  internal  hydrocephalus.  Such  a  case  has  been 
described  by  Grund  [1].  This  patient,  the  mother  of  four  healthy 
children,  commenced  at  the  age  of  24  to  have  headaches,  which 
continued  for  nine  years  without  the  development  of  any  other  morbid 
symptoms.  A  year  before  her  death  they  became  worse,  and  were 
associated  with  giddiness  and  vomiting,  and  a  little  later  weakness  of 
the  arms  and  paraplegic  symptoms  were  added.  Death  occurred  with 
Cheyne-Stokes  respiration ;  indeed  the  whole  symptomatology  of  the 
case  suggested  the  diagnosis  of  intracranial  tumour.  The  post-mortem 
examination,  however,  revealed  no  neoplasm,  but  hydrocephalus 
associated  with  syringomyelia  and  syringobulbia. 

Hassin  [2]  has  drawn  attention  to  the  increased  pressure  of  the 
fluid  within  the  cord  in  cases  of  syringomyelia.  In  such  a  case 
observed  at  operation  the  distended  cord  filled  the  theca,  and  no 
pulsation  was  seen  in  it.  A  slit  made  into  the  cord  released  clear  fluid 
under  great  pressure  and  the  pulsation  in  the  cord  was  restored.  In 
commenting  on  this  case  he  makes  the  suggestion  that  the  thickening 
so  constantly  found  in  the  walls  of  the  vessels  in  and  around  a  syringo- 
myelic cavity  is  a  process  of  compensation  for  the  increased  pressure 
outside  them. 

The  conception  that  increased  intracranial  pressure  transmitted  to 
the  cerebrospinal  fluid  may  be  a  dominant  factor  in  the  causation  of 
syringomyelia  is    in    some  ways  allied    to    the  well-known    theory   of 
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Langhans  [o].  He  observed  in  four  cases  the  association  of  syringo- 
myelic cavities  in  the  cord  with  tumours  in  the  posterior  cranial  fossa, 
and  considered  that  the  latter  by  compressing  the  vertebral  veins  led 
to  venous  stasis  and  oedema  in  the  cord,  with  consequent  distension  of 
the  central  canal  and  disintegration  of  the  grey  matter.  This  theory 
serves  to  explain  not  only  cases  such  as  those  which  Langhans  studied, 
but  also  those  in  which  cavities  develop  in  the  cord  below  the  level  at 
which  it  is  compressed  by  a  tumour. 

And  it  is  possible  that  a  similar  venous  stasis  may  occur  in  the  cases 
in  which  hydrocephalus  is  associated  with  syringomyelia,  for  the  increased 
intracranial  tension  may  push  down  the  lower  part  of  the  cerebellum 
through  the  foramen  magnum  and  thus  compress  the  vertebral  veins. 
A  pressure  cone  of  this  kind  was  described  Vjy  Grund  [1]  in  the  case  he 
recorded,  but  it  was  probably  a  terminal  phenomenon.  It  seems,  how- 
ever, unlikely  that  in  the  classical  slowly  progressive  form  of  syringo- 
myelia there  is  sufficient  venous  stasis  within  the  cord  to  lead  to  cavita- 
tion. Nor  is  it  common  to  find  such  cavitation  in  cases  of  cerebral 
tnmour  or  hydrocephalus.  Therefore,  while  it  is  possible  that  venous 
stasis  may  be  one  of  the  factors  in  the  causation  of  syringomyelia  it 
cannot  be  the  chief  or  even  an  important  one  in  the  majority  of 
cases. 

Meningeal  and  arterial  disease,  by  diminishing  the  blood  supply  to 
the  central  parts  of  the  cord,  may  undoubtedly  be  the  cause  of  cavitation 
in  some  cases.  But  in  both  our  patients  symptoms  commenced  before 
the  age  of  twenty,  and  at  the  necropsy  there  was  no  evidence  of 
meningeal  thickening  or  arterial  disease,  except  in  relation  to  the 
cavities  in  the  cord. 

But  there  is  evidence  of  another  and  probably  more  important 
aetiological  factor  in  both  of  these  cases,  namely,  a  congenital  instability 
of  the  glial  tissue  in  the  regions  which  the  central  canal  of  the  cord 
occupies  during  fottal  life.  In  both  cases  the  lesion  in  the  dorso-lateral 
part  of  the  medulla  corresponded  fairly  closely  to  the  lateral  wing  of  the 
cavity  which  is  formed  during  the  primary  flexure  of  the  neural  tube 
in  this  region.  And  in  both  cases  there  was  also  a  ventral  extension  of 
the  fourth  ventricle  similar  to  what  is  present  before  the  fusion  of  the 
basal  laminae. 

In  the  cervical  cord  in  Case  I  the  central  gliosed  area  closely 
resemVjled  the  shape  of  the  fofetal  central  canal,  and  lower  down  in  the 
cord  this  area  corresponded  to  its  ventral  and  dorsal  extensions.  In 
Case   II   the  central   canal   in    the  lumbar   cord   was   an  approximate 
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reproduction  of  the  fa3tal  canal,  except  that  an  ingrowth  of  glial 
tissue  had  replaced  the  ventral  extension  between  the  basal  laminae. 
Other  considerations,  such  as  the  abnormal  shape  of  the  head,  which 
was  present  in  Case  II  and  which  has  been  described  in  other  cases, 
emphasize  the  probability  that  the  disease  has  a  congenital  origin. 

It  is  difficult  to  explain  the  origin  of  the  cavitation  in  the  ventral 
part  of  the  medulla  in  Case  I  on  any  of  these  theories.  The  clinical 
record  suggested  that  this  occurred  at  an  early  stage  of  the  disease. 
In  fact  diplopia  from  weakness  of  the  right  sixth  cranial  nerve  was  the 
earliest  symptom.  Cavitation  in  this  region  is  not  common  in  syringo- 
bulbia, but  has  been  recorded  by  Krauss  [3],  Raymond  and  Philippe [8], 
Rosenblath  [10],  Wilson  [13],  Grand  [1],  iSpiller  [12],  and  Rhein  [9]. 
In  the  case  described  by  Krauss  the  cavity  lay,  as  in  Case  I,  between 
the  olive  and  the  inner  accessory  olive,  destroying  the  fibres  of  the 
hypoglossus.  And  in  several  of  the  other  cases  the  cavity  followed 
more  or  less  exactly  the  line  of  this  nerve. 

An  examination  of  the  development  of  the  hypoglossus  reveals  the 
fact  that  at  an  early  stage  of  development  the  nucleus  of  the  nerve  lies 
relatively  much'  nearer  to  the  ventral  surface  of  the  medulla  than  it 
does  at  maturity.  Several  tract  systems  come  later  to  lie  ventral  to  it, 
notably  the  pyramid,  the  olivo-cerebellar  system  and  the  median  fillet. 
The  hypoglossal  nucleus  is  thus  shifted  dorsalwards  and  its  root  fibres 
come  to  lie  between  the  olive  with  its  transversely  crossing  fibres  to 
the  cerebellum,  and  the  two  longitudinal  tracts  which  constitute  the 
pyramid  and  the  median  fillet.  The  arrangement  of  these  tracts  and 
the  dorsal  migration  of  the  hypoglossal  nucleus  may  make  the  line  of 
its  fibres  a  zone  of  lowered  resistance,  or  of  unstable  cellular  equilibrium, 
and  so  may  lead  to  cavitation  in  the  few  cases  in  which  this  occurs. 

REFERENCES. 

[1]   Gbund,  G.     "  Zur  Kenntnis  der  Syriugomyelie,"  Deutsch.   Xcitschr.  f.    Nervenheilk., 

1908,  34,  304. 
[2]   Hassin,  G.  B.     "A  Contribution  to  the  Histopathology  and  Histogenesis  of  Syringo. 

myelia,"  Archiv  of  Neurol,  and  Psychiat.,  1920,  3,  130. 
[3]    Krauss,    Ed.     "  Ueber   ein    Fall    von    Syringomyelie,"    Virdioiv's   Archiv  f.    Pathol., 

Anatom.  u.  Physiol.,  1885,  101,  304. 
[5]   Lanqhans.     "  Ueber  Hohlenbildung  im  Ruckenmarke  infolge  Blutstauung,"  Virchotc's 

Archiv,  1881,  85,  1. 
[6]   Levy-Suhl.      "  Zwei   Fiille  von   Syringomyelie  bzw.  Syringobulbie   mit  Nystagmus," 

Monatschr.  f.  Psychiatric  n.  Neicrolgie,''  1919,  45,  51. 
[7]   LiEDLER.     "  Ueber  d.  Beziehungen  der  Syriugomyolie  bzw.  Syringobulbie  zum  zentralen 

Vestibularis,"  Zeitschr.  f.  Ohrenheilk.,  1918,  76,  211. 

BKAIN. — VOL.  XLV.  '24 


350  ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

[8]   Raymond  and  Puilii'I'k.     Quoted  by  Schlbsinqeb. 

[9]  Rhein,  J.  H.  W.     •'  Syringomyelia  with  Syringobulbia,"  Joiim.  Med.  Research,  1908, 
18,  125. 
[10]    RosKSBLATH,    W.     "  Zur  Casuistic  der  Syringomyelie  und  Pachymeniugitis  cervicalis 

hypertrophica,"  Deutsch.  Archiv  f.  Klin.  Med.,   1893,  51,  210. 
[11]   ScHLKSiNGKR.     "  Die  Syriogomyelie,"  1902. 

[12]   Spili-eb.  \V.  G.     "Syringomyelia,"  Brit.  Med.  Journ.,  1906,  ii,  1U17. 
[13]   Wilson.  S.  A.   K.     "  Uii  Cas  de  Syringomyelie  et  de  Syriugobulbie,"  i?ci>.  de  Med., 

1904,  685. 
[14]   WlNKLEB.     "  Manuel  de  Neurologie,"  1920,   1,  part  ii. 


A  STUDY  OF  THE  CEREBRAL  FIBRE  SYSTEMS  BY  MEANS 
OF  A  NEW  MODIFICATION  OF  ANATOMICAL  METHODS. 
THE  LATERAL  WALL  OF  THE  THALAMUS  AND  THE 
SAGITTAL  PORTION  OF  ITS  CEREBRAL  FIBRE  SYSTEM. 

BY  JOSHUA  ROSETT,  M.D. 

Instructor  in  Neurology,  Cohanbia   University,  ISleto  York. 

The  amount  of  knowledge  accumulated  respecting  the  functions  of 
the  nervous  system,  in  so  far  as  those  functions  manifest  themselves  in 
movements  on  the  part  of  the  organism,  is  very  large.  A  great  number 
of  most  complicated  phases  of  normal  and  abnormal  behaviour  have 
been  correctly  observed  and  are  clearly  understood.  Y^et  our  knowledge 
respecting  the  essential  structures  underlying  such  phases  of  behaviour 
remains  small  in  amount  and  indefinite  in  quality.  The  diagrammatic 
and  semi-diagrammatic  representations  of  the  arrangement  of  a  great 
number  of  nerve  conduction  pathways,  current  even  in  the  best  publica- 
tions on  the  subject,  testify  to  the  scantiness  of  a  knowledge  gained  by 
distant  and  indirect  methods  of  observation.  As  a  matter  of  fact,  a 
number  of  such  diagrams  rest  upon  pure  hypotheses  which,  in  their 
turn,  have  been  deduced  from  certain  kinds  of  behaviour. 

Even  our  best  method  for  the  study  of  continuous  pathways  in  the 
central  nerve  system,  the  so-called  Marchi  degeneration  method,  has  its 
peculiar  limitations.  From  the  experimental  application  of  this  method 
man  is  rigidly  excluded.  Y^et  similar  as  is  the  basic  plan  of  structure  of 
the  nervous  system  in  all  vertebrates,  the  human  nervous  system  differs 
in  many  respects  from  the  brain  of  even  the  highest  anthropoid  ape. 
In  proportion  to  the  size  of  the  body  the  human  brain  is  very  much 
larger  in  bulk  ;  and  this  increase  in  bulk  implies  both  a  vastly  in- 
creased number  of  neurons,  and  a  vastly  increased  complexity  in  their 
arrangement. 

The  study  of  the  conduction  pathways  in  the  human  brain  by  means 
of  the  Marchi  method  requires  a  rather  involved  combination  of  favour- 
able circumstances.  The  lesion  must  be  very  small  ;  the  person  must 
die  within  a  period  of  some   three  weeks  after   the  occurrence  of  the 
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lesion,  and  there  must  be  an  opportunity  for  an  autopsy.  Such  a  com- 
bination of  circumstances  is  sufficiently  rare  to  make  this  excellent 
method  of  very  limited  application. 

The  opportunities  for  study  offered  by  old  lesions,  in  tissue  stained 
by  the  Weigert  method,  are.  of  course,  very  much  greater.  Yet  what- 
ever stain  is  employed,  the  current  methods  of  sectioning  the  tissue 
make  its  subsequent  investigation  a  matter  of  extreme  difficulty,  and 
the  results  of  such  a  study  to  a  great  extent  uncertain.  Except  in  a 
few  situations  the  fibre  tracts  in  the  brain  do  not  pursue  any  direction 
for  more  than  a  fraction  of  a  millimetre.  Owing  to  their  sinuous  course 
they  are  cut  obliquely  or  irregularly  no  matter  in  which  direction  the 
section  is  made.  What  one  sees  in  the  best  Weigert  preparations  of 
the  brain  is  a  beautifully  variegated  and  almost  hopeless  picture  con- 
stituted of  millions  of  dots  and  streaks. 

Careful  dissection  of  properly  hardened  tissue,  although  the  oldest, 
still  remains  one  of  the  best  methods  at  the  disposal  of  the  anatomist. 
In  the  dissection  of  the  brain,  however,  one  meets  with  certain  dangers 
and  difficulties.  The  chief  danger  is  the  fallacy  into  which  one  is 
almost  certain  to  be  led  by  habitual  attempts  to  make  microscopic 
deductions  from  macroscopic  appearances.  The  greatest  difficulty  is 
that  of  retaining  good  records  of  the  successive  steps  in  the  dissection. 
In  the  best  photographs  of  such  preparations  most  of  the  fine  detail 
is  utterly  lost,  while  good  drawings  are  rare,  expensive  and  time- 
consuming.  Yet  unless  many  of  the  consecutive  steps  in  the  dissection 
of  any  one  specimen  are  correctly  recorded  for  subsequent  study,  criti- 
cism and  comparison,  the  method,  relatively  crude  as  it  is  to  begin 
with,  must  remain  of  correspondingly  small  value. 

The  modification  of  current  anatomical  methods  to  be  described, 
obviates  many  of  the  difficulties  and  increases  the  certainty  with  which 
fibre  tracts  may  be  traced  in  the  central  nervous  system.  By  means  of 
current  methods,  the  direction  of  lines  and  surfaces  is  inferred  from  the 
observation  of  points ;  by  means  of  the  modification  to  be  described, 
points,  lines  and  surfaces  are  directly  observed.  By  the  employment  of 
this  modification  it  has  been  possible  to  view  a  very  large  portion  of  an 
entire  cerebral  fibre  system,  such  as  the  thalamic,  pallio-pontine  and 
others,  each  in  a  single  section  under  the  microscope ;  and  to  trace  with 
comparative  ease  and  exactness  the  course  of  bundles  that  have  hitherto 
been  represented  only  schematically. 
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Method  and  General  Technique. 

The  method  consists  of  two  processes :  (1)  longitudinal  sectioning 
and  (2)  serial  dissections. 

(1)  Longitudinal  sectioning  is  a  method  of  preparing  serial  micro- 
scopic sections  of  any  size  in  the  plane  of  the  course  of  a  fibre-tract,  or 
of  an  entire  cerebral  fibre  system.  The  general  technique  will  be  given 
in  this  place,  and  the  special  steps  to  be  taken  in  the  preparation  of 
sections  of  very  large  and  complicated  fibre  systems  will  precede  the 
description  of  each  system. 

The  method  may  be  employed  in  connection  with  a  number  of  the 
ordinary  stains  and  with  either  normal  or  pathological  tissue. 

{a)  The  particular  fibre  bundle  or  sheet  is  dissected  out  along  the 
apparent  course  of  its  fibres.  In  well-fixed  tissue  such  dissection  is 
made  comparatively  easy  by  the  use  of  the  right  kind  of  tools.  In 
addition  to  the  knife  and  scissors,  the  tools  employed  in  the  present 
work  were  small,  spade-like,  blunt-edged  glass  chisels,  curved  at  an 
angle  of  about  100*^  at  their  ends.  Such  chisels  are  easily  made  in  the 
Bunsen  flame,  and  are  very  smooth  and  keep  clean.  Their  curve  enables 
one  to  get  under  the  thinnest  strand  of  fibres  and  to  lift  it  out  of  its  bed 
by  leading  the  instrument  along  its  under  surface  in  the  line  of  cleavage 
of  the  fibres.  Such  instruments,  too,  make  it  possible  to  reach  fibre- 
strands  in  places  which  are  inaccessible  to  a  straight  instrument  without 
a  serious  distortion  of  the  parts,  such  as  the  depth  of  the  posterior  and 
inferior  extensions  of  the  lateral  ventricle. 

{b)  The  detached  strand  is  marked  so  that  the  relations  which  its 
several  parts  bore  to  the  bed  from  which  it  was  detached  can  be  deter- 
mined.    A  rough  drawing  accompanied  by  legends  serves  the  purpose. 

(r)  The  piece  of  tissue  is  placed  on  a  numbered  glass  slide,  the  side 
in  contact  wath  the  glass  being  carefully  recorded.  A  pad  of  absorbent 
gauze,  uniform  or  varying  in  thickness  according  as  the  tissue  is 
of  the  same  thickness  throughout  its  extent  or  not,  is  placed  upon 
the  specimen,  and  is  covered  with  a  second  glass  slide  of  the  same 
size  as  the  first.  This  package  is  now  tied  with  a  strong  string,  the 
degree  of  pressure  exerted  in  tying  being  such  as  to  ensure  the  uniform 
application  of  the  tissue  to  the  glass  slide  on  which  it  rests. 

(d)  If  the  Weigert-Pal  stain  is  to  be  employed,  the  package  is 
immersed  in  one  of  the  mordanting  solutions.  There  it  remains  for 
three  or  four  days,  or  long  enough  for  the  tissue  to  retain  its  flat  shape 
when    the   package    is  untied.     It  is  then  taken  out  of    the  solution, 
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untied,  and  the  top  slide  and  the  gauze  pad  removed.  The  strand  of 
tissue  is  lightly  fastened  with  a  thread  to  the  slide  on  which  it  rests  and 
immersed  once  more  in  the  mordanting  solution,  where  it  remains  for 
the  necessary  length  of  time 

If  it  is  intended  to  use  a  stain  which  requires  no  preliminary  mor- 
danting of  the  tissue,  the  process  of  flattening  it  permanently  may  be 
accomplished  by  the  use  of  alcohol  or  of  any  other  fixative  agent. 

(r)  When  the  mordanting  is  completed  the  glass  slide  with  the  piece 
of  tissue  tied  to  it  is  removed  from  the  solution,  washed,  and  treated 
with  the  alcohol  and  the  ether  solutions  in  the  usual  way  employed  in 
the  preparation  of  Weigert-Pal  celloidin  sections. 

(/)  A  glass  slide  is  covered  with  tin  (not  lead)  foil,  and  fastened  to 
it  by  bending  the  edges  of  the  metal  around  those  of  the  glass.  The  tin- 
foil should  be  about  0'5  mm.  in  thickness.  Such  foil  may  be  spread  over 
the  glass  so  that  its  surface  is  perfectly  smooth  and  even.  An  attempt 
to  use  the  ordinary  very  thin  foil  is  almost  certain  to  result  in  the  failure 
of  the  subsequent  procedures.  The  tin-covered  slide  is  placed  in  a 
celloidin  solution  with  the  tin  up.  The  slide  bearing  the  tissue  is 
removed  from  the  alcohol-ether  solution ;  the  thread  which  holds  the 
tissue  to  the  glass  is  untied,  and  the  tissue  is  gently  pushed  off  the  old 
slide  and  placed  on  the  tin  surface  of  the  slide  in  the  celloidin  solution. 

The  vessel  containing  the  celloidin  solution  should  have  a  flat 
l)ottom,  and  it  should  rest  upon  a  horizontal  surface.  The  amount  of 
solution  in  the  vessel  should  be  such  that  when  it  reaches  the  necessary 
final  consistency  its  surface  should  rise  above  the  embedded  tissue  for  a 
height  of  about  3  or  4  mm. 

{g)  When  impregnation  and  embedding  is  completed,  a  cut  is  made 
through  the  thickness  of  the  celloidin,  passing  around  the  tin-covered 
slide.  A  convenient  instrument  is  passed  under  the  edge  of  the  slide,  it 
is  lifted  out,  and  its  celloidin  surface  is  fastened  to  a  wooden  block  in 
the  usual  way.  With  the  block  resting  on  a  table,  the  relations  of  the 
whole  are  then  the  following,  from  top  to  bottom  :  glass  slide,  tinfoil, 
tissue,  a  generous  layer  of  celloidin,  wooden  block. 

The  edges  of  the  tin  are  now  bent  away  from  those  of  the  glass  slide 
and  the  latter  is  removed.  An  edge  of  the  tin  is  then  held  against  the 
side  of  a  pencil,  which  is  rolled  over  the  surface  of  the  embedded  tissue 
in  such  a  manner  that  it  becomes  wrapped  in  the  tinfoil.  The  metal 
is  thus  removed  from  the  adjoining  tissue,  leaving  behind  a  surface  as 
straight  and  polished  as  a  mirror. 

The  preparation  is  treated  with  alcohol  or  with  cedar  oil,  in  the 
usual  way. 
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(h)  The  block  is  adjusted  in  the  microtome  in  such  a  manner  that 
the  first  cut  will  shave  off  a  complete  section.  This  is  relatively  easy 
since  the  tissue  presents  a  perfectly  even  surface.  In  the  present 
investigation  it  was  found  convenient  to  set  the  long  diameter  of  the 
block  as  parallel  as  possible  to  the  edge  of  the  microtome  knife  ;  on  the 
whole,  therefore,  the  sections  were  in  the  same  plane  as,  and  more  or 
less  at  right  angles  to,  the  apparent  course  of  the  fibres.  The  layer  of 
celloidin  between  the  tissue  and  the  block  permits  the  sectioning  of  the 
entire  piece  without  waste.  In  this  manner  it  was  possible  to  produce 
longitudinal  sections  of  strands  of  tissue  10  cm.  long,  8  or  4  mm.  in 
width  and  less  than  1  mm.  in  thickness. 

If  the  apparent  course  of  the  fibres  in  the  tissue  is  not  their  true 
course,  the  fact  is  immediately  discovered  in  the  stained  section.  In  a 
true  tract  the  fine  bundles  of  fibres  may  be  followed  in  one  and  the  same 
section  in  their  entire  length  by  merely  moving  the  slide  along  the 
platform  of  the  microscope.  When  a  bundle  leaves  the  main  tract  its 
deviation  in  a  large  field  of  uniformly  parallel  bundles  is  detected  with 
the  greatest  ease.  Moreover,  in  such  sections  perforating  bundles  are 
seen  with  a  remarkable  degree  of  definition,  the  cross-sectioned  areas 
standing  out  prominently  amid  a  field  of  longitudinal  fibres.  An 
example  of  such  a  perforating  bundle  is  the  auditory  tract,  which  is 
cut  across  in  the  sagittal  sections  of  the  lateral  portion  of  the  thalamus. 
Those  who  have  looked  for  this  tract  in  normal  Weigert-Pal  prepara- 
tions generally  fail  to  identify  it. 

(2)  In  the  microscopic  preparations  just  described,  the  course  of 
the  fibre-tracts  is  observed  in  the  two  possible  directions  on  a  plane 
surface.  Thus,  in  the  illustrations  which  follow,  the  direction  of  the 
fibre-bundles  is  either  up  and  down,  or  from  before  backward,  or  partly 
the  one  and  partly  the  other  direction.  In  order  to  leave  as  little  as 
possible  to  the  uncertain  processes  of  deduction,  the  third  direction  was 
supplied  by  Serial  Dissections. 

For  these  dissections  formaldehyde-hardened  tissue  was  used.  After 
through  fixation  the  brains  were  removed  from  the  formaldehyde 
solution,  wrapped  in  towels  and  placed  in  loosely-covered  jars.  After 
two  or  three  months  the  brain-tissue,  but  slightly  shrunken,  became 
sufficiently  tough  to  permit  the  most  detailed  dissection. 

A  record  of  each  step  in  the  dissection  is  obtained  by  pouring  on  the 
preparation  molten  wax  which,  on  cooling,  furnishes  a  mould  into 
which  is  poured  plaster  of  Paris.  When  the  plaster  has  set  the  wax  is 
melted  out.     In  this  way   a   series  of  faultless    reproductions    of   the 
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several  steps  in  the  dissection  of  the  hemisphere  is  obtained.  The 
series  may  be  as  large  as  the  investigator  pleases.  In  the  present  study 
seventy-eight  casts  were  made  of  as  many  steps  in  the  dissection  of  one 
hemisphere  ;  fifty-seven  of  another  ;  only  ten  of  a  third  ;  and  so  on.  For 
the  study  of  the  relations  of  the  parts,  and  for  comparison  with  the 
microscopic  sections,  such  a  series  is  invaluable.  The  moulding  and 
the  casting  require  but  little  time  and  skill.  The  wax  never  sticks  to 
the  damp  brain-tissue,  and  projecting  parts  are  pulled  out  of  the  mould 
with  little  difficulty. 

Special  Technique  for  the  Preparation  of  Longitudinal 
Microscopic  Sections  of  the  Sagittal  Portion  of  the 
Th.^lamic    Kadiation. 

A  curved  instrument  is  entered  between  the  corpus  callosum  and 
the  cingulum,  and  the  entire  cingulum  convolution,  from  the  para- 
terminal  body  to  the  hippocampus,  is  removed.  The  association  sheets 
between  the  cingulum  and  the  other  convolutions  are  next  cleared  away, 
until  the  callosal  fibres  are  seen  covering  the  entire  mesial  aspect  of  the 
hemisphere  as  far  below  and  behind  as  the  parieto-occipital  and  anterior 
calcarine  fissures. 

The  septum  lucidum  is  removed,  the  anterior  pillar  of  the  fornix  cut 
as  low  down  as  possible,  and  the  band  of  the  fornix  pulled  away  from 
around  the  thalamus.  Below  that  band  is  torn  off,  together  with  the 
hippocampus  and  a  part  of  the  uncus,  a  short  distance  in  front  of  the 
receding  angle  of  the  temporal  ventricle.  The  association-sheets  in 
the  small  sulci  of  the  cuneus  are  cleared  away.  The  floor  of  the 
anterior  and  posterior  limbs  of  the  calcarine  fissure  is  cut  through. 
The  lateral  ventricle  is  thus  everywhere  opened. 

The  superficial  fibres  on  the  dorsal  and  anterior  surfaces  of  the 
callosal  band — the  fibres  which  face  the  antero-superior  border  of  the 
hemisphere — are  lifted  up  strand  after  strand  and  pulled  off  the  mesial 
aspect  of  the  hemisphere  which  they  cover.  This  is  continued  until 
the  thickness  of  the  cut  border  of  the  corpus  callosum  is  reduced  to 
about  one-half.  At  this  stage  it  is  found  that  the  fibres  of  the  callosal 
band,  when  pulled  upon,  break  off  easily  at  their  point  of  contact  with 
the  hemisphere.  These  are  the  perforating  fibres,  and  the  fact  that 
they  have  been  reached  is  an  indication  that  above  the  line  of  their 
entrance  into  the  hemisphere  the  thalamic  fan  has  been  exposed  on  the 
mesial  surface. 

The  ventricular  ependyma  is  peeled  off  everywhere,  except  in  the 
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groove  between  the  corpus  callosum  and  the  caudate  nucleus  and  in 
that  between  the  latter  and  the  thalamus.  In  the  former  groove  the 
ependyma  is  strongly  adherent  to  the  fasciculus  subcallosus,  a  part  of 
which  may  be  torn  away  by  an  attempt  to  expose  it ;  in  the  latter  the 
ependyma  is  as  strongly  adherent  to  the  stria  terminalis. 

In  the  posterior  and  inferior  extensions  of  the  ventricle  the  removal 
of  the  ependyma  brings  to  view  the  fibres  of  the  tapetum.  This 
covering  must  be  lifted  with  great  care,  especially  in  the  inferior  horn 
where  it  is  very  thin.  Lateral  to  this  layer,  the  entire  expanse  of  the 
ventricle,  except  the  narrow  space  around  the  thalamus  which  is 
occupied  by  the  tail  of  the  caudate  nucleus,  is  carpeted  by  the  fibres 
of  the  thalamic  fan. 

The  instrument  is  now  inserted  into  the  substantia  nigra  and  the 
thalamus  separated  from  the  fibres  of  the  pes  pedunculi.  With  the 
fan  of  the  peduncular  radiation  as  a  lateral  guide,  the  sagittally  placed 
sheet  of  thalamic  fibres  is  easily  separated  from  the  mesial  aspect  of  the 
hemisphere  in  the  frontal,  parietal,  and  occipital  regions.  The 
expanded  portion  of  the  anterior  commissure  is  a  lateral  guide  in  the 
separation  of  the  thalamic  sheet  in  the  anterior  half  of  the  temporal 
ventricle.  Lateral  to  the  thalamic  fibres  in  the  posterior  portion  of  the 
temporal  and  the  lower  half  of  the  occipital  ventricle  is  a  layer  of  fibres 
converging  towards  the  globus  pallidus,  and  from  this  layer,  too,  the 
thalamic  sheet  is  separable  with  ease. 

The  protruding  mesial  portion  of  the  optic  thalamus  is  now 
gradually  torn  away  in  the  line  of  cleavage  of  the  fibres,  leaving  a 
thickness  of  5  or  6  mm.  of  its  lateral  wall. 

The  circumference  of  the  large  sheet  thus  obtained  is  serrated 
above,  the  serrations  corresponding  to  the  gyri  and  sulci  at  the  superior 
border  of  the  hemisphere.  Below  the  circumference  corresponds 
behind  to  the  lower  lip  of  the  calcarine  fissure  ;  in  front  to  the  outer 
or  lower  portion  of  the  hippocampal  convolution.  Still  more  anteriorly 
the  gap  in  the  outline  of  the  circumference  corresponds  to  the  horizontal 
fissure,  in  front  of  which  is  the  gyrus  rectus. 

The  surface  of  the  sheet  which  corresponds  to  the  mesial  aspect  of 
the  hemisphere  is  placed  on  a  large  slide,  and  the  preparation  treated  as 
described  under  the  heading  of  General  Technique. 
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THE    LATERAL   WALT.   OF  THE  THALAMUS  AND  THE  SAGITTAL 
PORTION  OF  ITS  CEREBRAL  FIBRE  SYSTEM. 

Fig.  1  was  prepared  practically  from  a  single  section.  A  few 
defects  were  corrected  from  four  other  sections.  The  size  of  these 
sections  was  nearly  13  by  1)  cm.  It  is  not  possible  to  produce  a  single 
photomicrograph  of  an  entire  section  of  such  size  at  a  magnification  at 
which  the  small  bundles  of  fibres  become  visible.  The  alternative  is  to 
photograph  or  to  draw  the  section  in  parts,  and  to  put  the  fields  thus 
reproduced  together  side  by  side  in  the  proper  order.  For  practical 
reasons  the  expedient  of  drawing  was  adopted.  The  Edinger  epidia- 
scope was  used  at  a  magnification  of  25  diameters.  The  resulting  huge 
drawing — 1'8  by  2"3  metres — was  then  photographed  and  reduced  to 
its  present  dimensions.  The  lines  of  the  photograph  were  gone  over 
with  ink  and  the  photograph  bleached  out. 

The  disadvantage  of  such  an  illustration  is  that  although  it  gives  a 
concrete  idea  of  the  general  appearance  of  the  stained  section,  the 
sharpness  of  its  lines  produces  the  impression  of  a  diagram.  Such 
an  impression  is  true  to  the  extent  that  each  line  in  the  drawing 
represents  not  a  nerve-fibre,  but  a  bundle  of  fibres  in  the  section  drawn. 
The  advantages  of  such  a  drawing  are  the  concreteness  of  the  fairly 
correct  idea  of  the  appearance  of  the  section  which  it  furnishes,  and 
the  fact  that  it  enables  one  to  eliminate  certain  irrelevant  features,  such 
as  the  perforating  bundles  of  the  corpus  callosum. 

A  number  of  photographs  were  taken  from  different  parts  of  the 
sections  employed  in  making  the  drawing,  and  some  of  these  are 
reproduced  in  the  illustrations.  They  serve  the  purpose  of  correcting 
the  impression  of  the  diagrammatic  nature  of  the  drawing.  Such  a 
correction  is  especially  important  in  this  case,  since,  as  will  be  seen, 
the  facts  revealed  m  these  longitudinal  sections  differ  in  several 
essential  points  from  those  of  a  number  of  investigators  who  based 
their  conclusions  on  sections  cut   in  the  ordinary  way. 

In  this  study  the  Weigert-Pal  stain  has  been  used  throughout. 
This  stain  furnishes  no  clue  to  the  functional  direction  of  a  nerve-fibre. 
It  is  to  be  understood,  therefore,  that  except  where  such  a  functional 
direction  is  explicitly  stated,  it  is  nowhere  implied  in  the  forthcoming 
descriptions. 

The  main  bulk  of  the  thalamic  radiation  has  the  general  form  of  a 
fan  open  for  about  800  degrees  of  a  circle.  The  gap  in  the  circle  is 
the  horizontal  fissure.     This  fan  is  placed,  on  the  whole,  in  a  sagittal 


A    STUDY    OF    THE    CERliBRAL    FIBRE    SYSTEMS  365 

direction.  A  detailed  account  of  its  relations  to  adjoining  structure 
will  appear  in  a  special  paper. 

The  division  of  the  thalamic  radiation  into  several  peduncles  has  no 
anatomical  foundation.  Dejerine  [4]  called  attention  to  this  fact,  and 
other  investigators  agreed  with  him  that  the  term  "peduncles,"  in 
connection  with  the  thalamic  radiation,  is  to  be  used  for  convenience 
only. 

Although  it  is  true  that  the  bundles  of  fibres  of  the  thalamic  fan 
are  nowhere  separated  to  the  extent  of  justifying  a  division  into 
peduncles,  yet  the  several  parts  of  the  fan  are  each  marked  by  certain 
characteristic  features.  These  will  be  described  as  they  appear  when 
the  thalamic  radiation  is  viewed  on  a  sagittal  plane. 

The  Temporal  Thalamic  Eadiation. 

This  does  not  include  the  auditory  tract,  which,  in  these  sections, 
appears  as  a  bundle  of  transversely  cut  fibres  (fig.  1,  IV). 

The  anterior  portion  of  the  temporal  thalamic  radiation  has  been 
described  by  Arnold  [1],  and  has  since  been  known  as  the  temporo- 
thalamic  fasciculus  of  that  author.  Since  its  fibres  are  spread  out  over 
the  wide  expanse  of  the  wall  of  the  temporal  ventricle,  however,  this 
part  of  the  radiation  can  hardly  be  called  a  fasciculus.  In  their  course 
these  fibres  describe  a  series  of  curves  which  cannot  be  entirely 
explained  by  the  curved  lateral  outline  of  the  ventricular  wall.  From 
their  junction  with  the  postero-inferior  portion  of  the  thalamus,  they 
proceed  forward  in  the  lateral  wall  of  the  temporal  cavity.  At  varying 
distances  from  the  receding  anterior  angle  of  the  ventricle  the  fibres 
curve  mesially  within  the  floor,  and  the  most  anterior  reach  the 
mesial  wall.  All  these  turn  backward,  some  within  the  floor,  others 
within  the  mesial  wall,  and  proceed  in  a  posterior  direction  (fig.  1,  I). 
The  reason  for  this  singular  curvature  of  the  fibres  is  probably  to  be 
found  in  the  forward  growth  of  the  temporal  lobe  after  the  thalamic 
elements  in  it  have  been  laid  down,  a  probability  which  awaits  corro- 
boration at  the  hands  of  the  embryologist. 

In  the  long  posterior  part  of  their  course  the  temporal  fibres  are 
arranged  in  parallel,  rather  coarse  bundles,  which  are  similar  in  appear- 
ance to  those  of  the  occipital  radiation  (fig.  1,  II). 

Before  their  junction  with  the  optic  thalamus,  for  a  space  of  about 
8  mm.,  the  temporal  fibres  pass  through  the  striate  body,  through  the 
tail  of  the  caudate  nucleus.     Within  the  substance  of  the  latter  they 
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are  arranged  in  the  form  of  flat  bands,  alternating  with  wide  spaces 
occupied  by  the  tissue  of  the  striate  body  (fig.  1,  III).  The  adjoining 
bundles  show  little  tendency  to  interchange  strands  of  fibres,  as  is  the 
case  in  similar  situations  elsewhere,  or  to  break  up  to  any  large  extent 
into  a  brushwork  of  fibres  similar  to  the  brushwork  to  be  described  in 
connection  with  the  occipital  radiation.  A  number  of  fibre-bundles 
continue  indeed  distinct  and  parallel  in  an  upward  and  backward  direc- 
tion until  they  have  reached  well  into  the  outer  middle  portion  of  the 
nucleus  of  the  pulvinar  and  the  adjoining  part  of  the  lateral  nucleus. 
That  projection  fibres  from  the  temporal  pallium  stand  (in  the  cat)  in 
connection  with  the  ventral  region  of  the  lateral  nucleus,  has  been 
shown  by  E.  Sachs  [25]  by  means  of  experimental  lesions.  The  nearly 
vertical  course  of  the  temporal  fibres  in  the  pulvinar  gives  that  nucleus 
its  characteristic  streaked  appearance. 

Within  the  body  of  the  thalamus  most  of  the  temporal  fibres  are 
situated  immediately  behind  the  auditory  tract.  This  tract  passes  from 
side  to  side  and  is,  therefore,  cut  across  in  these  sections  (fig.  1,  IV). 
A  smaller  number  of  the  temporal  fibres,  however,  are  placed  in  front 
of  the  auditory  bundle,  and  are  there  intermingled  with  the  fibres 
of  a  tract  situated  beneath  the  subthalamic  body,  which  will  be  de- 
scribed later. 

The  Occipital  Thalamic  Eadiation. 

Two  characteristics  distinguish  this  portion  of  the  thalamic  system- 
For  the  greater  part  of  their  length  the  bundles,  neatly  arranged  and 
parallel  (fig.  1,  V,  and  fig.  2),  are  coarser  in  texture  than  the  other  fibre 
bundles  of  the  thalamic  system.  At  a  distance  of  about  2  cm.  from 
the  posterior  surface  of  the  thalamus,  they  begin  to  break  up  into  their 
constituent  fibres,  appearing  at  first  like  a  row  of  stiff  feathers,  but 
gradually,  as  they  approach  the  thalamus,  assuming  the  form  of  a  soft, 
matted  brushwork,  with  the  general  direction  of  the  filaments  toward 
the  thalamus  (fig.  1,  VI).  In  the  study  of  the  fibre  systems  in  the 
longitudinal  sections,  this  phenomenon  will  be  encountered  over  and 
over  again.  It  is  always  significant  of  the  proximity  of  the  fibre 
bundles  to  the  nuclear  mass  in  which  they  disappear.  As  this  feature 
is  rather  conducive  to  hasty  deductions  respecting  the  beginning  or 
the  ending  of  a  fibre  tract,  it  is  important  to  visualize  it  and  to 
understand  it. 

If  the  handle  of  a  camel's-hair  brush  be  taken  to  represent  a  compact 
bundle,  then  the  brush   itself  will  represent  the   part  of  the  bundle 
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where  its  fibres  are  spread  more  widely  apart.  If  a  number  of  such 
camel's-hair  brushes,  lying  side  by  side,  be  embedded  in  paraffin  or 
celloidin  and  then  sectioned  in  the  longitudinal  plane,  their  appearance 
in  each  section  will  approximate  that  of  the  nerve  bundles  in  fig.  1,  VI. 

In  the  neighbourhood  of  a  nuclear  mass  in  which  a  fibre  tract  begins 
or  ends,  its  constituent  fibres,  gathered  into  compact  bundles,  must 
spread  out.  For  this  there  are  two  reasons.  One  is  that  each  cell  is 
thicker  than  the  fibre  with  which  it  stands  in  connection,  and  the  entire 
nuclear  mass,  therefore,  occupies  a  wider  space  than  does  the  tract  of 
fibres  which  it  sends  out  or  receives.  The  other  is  a  rule  which  appears 
to  hold  good  throughout  the  nervous  system,  central  as  well  as  peri- 
pheral, that  there  is  a  continual  interchange  of  fibres  between  the 
adjoining  bundles  of  a  tract.  That  this  arrangement  holds  good  in  the 
peripheral  nerves,  has  been  abundantly  proved  by  the  researches  of 
Sherren  [27],  Heinemann  [11],  Langley  and  Hashimoto  [13], 
McKinley  [15],  and  a  number  of  others.  A  careful  inspection  of  the 
cerebral  tracts  shows  that  the  finest  parallel  bundles  which  appear  to 
retain  a  uniform  thickness  for  a  long  part  of  their  course,  continually 
anastomose  by  means  of  very  fine  fibres,  and  that  the  whole  tract  is  in 
reality  a  plexus  of  extreme  intricacy.  Owing  to  this  it  must  be  true 
that  the  mutual  relations  of  the  fibres  in  a  nerve  tract  in  the  proximity 
of  the  nucleus  in  which  it  disappears  are  not  the  same  as  the  mutual 
relations  of  the  cells  in  the  nucleus  to  which  the  fibres  respectively 
belong.  Thus  of  two  fibres  placed  on  the  right  of  a  nerve  tract,  one 
may  pass  to  a  cell  on  the  right,  the  other  to  one  on  the  left  side  of  the 
nucleus.  Hence  the  appearance  of  a  matted  brushwork  of  fibre  bundles 
in  the  proximity  of  a  nuclear  mass  to  which  they  belong,  seen  in  the 
longitudinal  sections. 

The  phenomenon  described,  however,  needs  further  investigation. 
It  may  be  pointed  out  that  in  the  neighbourhood  of  nuclei  which  are 
known  to  be  efferent,  such  as  the  cranial  and  spinal  motor  nuclei,  the 
emerging  nerve-tracts  are  at  first  composed  of  parallel  or  converging 
fibres.  In  such  nuclei  each  cell  sends  out  but  one  nerve  fibre,  and 
these  fibres  then  converge  to  form  a  nerve  tract.  There  appears  to  be 
no  reason  for  any  matting  of  the  fibres  of  an  efferent  bundle  in  the 
proxmiity  of  its  nucleus,  and  none  is  observed.  In  the  case  of  a  tract 
near  its  nucleus  of  termination,  however,  the  circumstances  must  be 
different.  The  fibres  of  that  tract  have  changed  places  repeatedly,  and 
in  the  neighbourhood  of  its  nucleus  each  small  bundle  must  break  up 
into  its  constituent  fibres,  and   the  fibres  must  break  up  into  thinner 
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rtbrilhv.  in  order  that  each  mav  come  into  relation  with  a  number  of 
cells  or  cell  processes  in  diflferent  parts  of  the  nuclear  mass.  Such  a 
tract  might  be  expected,  therefore,  to  have  the  appearance  of  a  matted 
brushwork  near  the  nucleus  which  it  is  to  enter.  It  may  be  said  that 
for  the  same  reasons  a  tract  containing  both  afferent  and  efferent  fibres 
might  be  exjiected  to  present  a  mixed  appearance  near  the  nucleus  in 
which  some  of  its  fibres  originate  and  in  which  others  end.  Such  a 
mixed  appearance  should  be  clearly  observable  in  sections  cut  along  the 
course  of  such  a  tract.  In  the  sections  examined  in  connection  with 
the  present  study,  however,  nothing  but  a  mere  suggestion  of  this 
appearance  has  been  observed,  and  on  that  no  conclusion  can  be  based. 
The  only  certainty  so  far  reached  is  that  in  the  neighbourhood  of  the 
nuclear  aggregate  in  which  the  fibres  of  a  cerebral  tract  gradually 
disappe\r  from  view,  the  bundles  of  that  tract  are  always  seen  in 
Weigert-Pal  sections  to  assume  the  form  of  a  matted  brushwork. 
When  examining  the  course  of  the  prefrontal  part  of  the  thalamic 
radiation  an  opportunity  will  be  presented  for  contrasting  sharply  the 
appearance  of  its  smooth  fibre-bundles  near  and  within  the  thalamus 
with  the  matted  brushwork  of  the  other  contingents  in  similar 
situations. 

On  joining  the  nucleus  of  the  pulvinar  the  rich  brushwork  of  fibres 
into  which  the  parallel  and  well-defined  bundles  of  the  occipital  radiation 
have  spread  out,  gradually  breaks  up  and  disappears. 

The  Parietal  Thalamic  Radiation. 

In  sagittal  longitudinal  sections  of  the  thalamic  radiation  this  part 
always  appears  defective.  In  contrast  to  the  pictures  presented  by  the 
other  contingents,  that  of  the  parietal  is  marred  by  a  number  of  thick, 
short  streaks  ifig.  1).  A  certain  number  of  fibre  bundles  bend  away 
from  the  sagittal  plane  in  a  direction  which  is  at  first  forward,  upward 
and  lateral.  In  their  forward  course  these  bundles  contribute  to  the 
formation  of  the  fasciculus  subcallosus  which  will  be  described  later. 
They  then  proceed  further  laterally,  in  an  upward  and  backward 
direction.  Owing  to  their  lateral  inclination  they  are  cut  in  short  strips 
in  these  sections.  Their  appearance  is  distinct  from  the  rest  of  the 
parietal  bundles ;  they  are  very  much  thicker  and  converge  below  at  an 
unusually  large  angle,  between  45°  and  90  . 

The  ^^eneral  backward  sweep  of  the  parietal  radiation,  as  well  as 
the  number  of  laterallv  inclined  thick  bundles  which  it  contains,  demar- 
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cate  it  rather  sharply  in  front  from  the  frontal  portion  of  the  thalamic 
fibres.  Behind,  however,  it  merges  gradually  into  the  occipital 
radiation. 

At  a  distance  a  little  over  1  cm.  from  the  optic  thalamus,  the  fibres 
of  the  parietal  radiation  become  aggregated  into  rounded  bundles  some 
•2  or  8  mm.  in  thickness.  The  spaces  between  these  bundles  are 
occupied  by  the  substance  of  the  striate  body,  through  which  they  pass 
on  their  way  to  the  thalamus.  These  bundles  will  be  further  con- 
sidered in  the  next  section. 

The  Fkont.\l  Thalamic  Eadl\tiox.     The  Fascicflus  surcalloscs. 
The  Strl\  tekminalis.    The  Fasciculus  thalamo-tempokalis 

arcuatus. 

In  dissections  of  the  body  of  the  lateral  ventricle,  a  bundle  of  fibres 
may  be  seen  lying  in  the  groove  between  the  head  and  body  of  the 
caudate  nucleus  below  and  the  corpus  callosum  above  (,fig.  o'*.  This 
bundle  is  most  prominent  over  the  dorsal  portion  of  the  head  of  the 
caudate  :  it  thins  out  over  the  body  of  that  nucleus  and  disappears  at 
the  beginning  of  its  tail.  In  certain  specimens  it  attains  a  thickness 
of  3  mm.  from  above  downwards  at  its  thickest  part. 

The  extent  to  which  the  current  methods  of  sectioning  the  brain 
are  conducive  to  error  is  well  illustrated  by  the  conclusions  reached 
respecting  the  nature  of  the  subcallosal  bundle  by  universally  recognized 
authorities.  One  conclusion  is  that  it  serves  as  a  connection  between 
the  cerebral  cortex  and  the  caudate  nucleus :  another,  that  it  is  an 
association  tract  between  dit^erent  parts  of  the  caudate  nucleus  ;  a  third, 
that  it  is  a  fronto-occipital  association  tract. 

H.  Sachs  [26]  states :  "  The  most  important  bundle  which  unites 
the  corpus  striatum  with  the  grey  cortex  ...  is  the  fasciculus  nuclei 
caudati.  This  bundle  accompanies  the  caudate  nucleus,  running 
parallel  with  it  .  .  .  on  the  lateral  wall  of  the  lateral  ventricle.  .  .  . 
Lateral  to  this  bundle  is  the  corona  radiata  of  the  internal  capsule.  .  .  . 
Posteriorly  it  diminishes  in  proportion  to  the  diminution  in  the  thick- 
ness of  the  caudate.  .  .  .  from  the  bundle  fibres  pass  into  the  caudate 
and  become  lost  there.  It  appears  that  this  bundle  is  composed  of  fibres 
coming  from  the  frontal  and  the  parietal  parts  of  the  cerebrum,  and 
from  the  insula."" 

Koelliker  i_12]  sums  up  his  conclusions  as  follows:  "This  bundle 
accompanies  the  caudate  nucleus  lengthwise,  throughout  its  entire 
extent,  ventral  to  the  corpus  callosum.  and   forms  part  of  the  lateral 
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wall  of  the  lateral  ventricle.  It  diminishes  in  cross  section  from  before 
backward.  .  .  .  Fibres  enter  the  nucleus  caudatus,  where  they  become 
dispersed.   ..." 

Edinger  [6]  devotes  considerable  attention  to  this  bundle.  "  In 
mammals,"  he  says,  "there  exists  a  small  fibre  tract  which  passes 
along  the  entire  extent  of  the  nucleus  caudatus.  It  begins  in  front  at 
the  head  of  the  ganglion  as  a  few  fibres  which  appear  to  come  out  of 
the  head  itself.  This  tract  increases  in  size  more  and  more  posteriorly 
for  a  certain  distance,  then  becomes  smaller,  in  consequence  of  the 
slenderness  of  the  tail  of  the  nucleus.  .  .  .  The  bundle  lies  in  the 
angle  between  the  nucleus  caudatus  and  the  roof  of  the  ventricle  ;  the 
fibres  of  the  corpus  callosum  radiate  over  it.  The  fibres  of  this  bundle 
appear  to  come  from  the  nucleus  itself  and  to  return  into  it  again. 
This  is  called  the  association  bundle  of  the  nucleus  caudatus  ;  but  I 
cannot  separate  it  sharply  from  the  fronto-occipital  association  bundle 
which  lies  close  to  it." 

Bechterew  [2]  is  very  emphatic  in  his  statement  that  this  bundle 
consists  of  fibres  connecting  the  cortex  with  the  caudate  nucleus.  He 
states  that  degeneration  of  that  bundle  is  observed  principally  after 
lesions  of  the  frontal  and  parietal  lobes,  and  to  a  less  extent  in  those  of 
the  occipital  lobe.  After  destruction  of  the  frontal  lobe  it  was  possible 
to  observe  the  degenerated  area  diminish  from  before  backward,  which, 
he  thinks,  points  to  the  fact  that  the  fibres  originating  in  the  frontal 
region  of  the  cortex  end  in  succession  from  before  backward  in  the 
caudate  nucleus.  In  a  footnote  the  author  cites  Flechsig  as  being  of  the 
same  opinion. 

Probst  [20],  however,  was  not  able  to  find  any  considerable  de- 
generation in  the  subcallosal  bundle  in  isolated  lesions  of  the  caudate 
nucleus.  After  destruction  of  the  bundle  in  the  anterior  parietal  region, 
the  fibres  degenerated  in  his  experiments  for  a  short  distance  only,  and 
he  could  not  follow  their  ends  with  certainty.  He  states,  however, 
that  more  extended  degeneration  of  the  fasciculus  followed  deep  des- 
truction of  the  posterior  cerebral  region. 

In  the  sagittal  sections  of  the  thalamic  fan  prepared  by  the  method 
of  longitudinal  sectioning,  the  subcallosal  bundle  stands  out  with  the 
greatest  degree  of  clearness  possible  with  the  Weigert-Pal  stain.  With 
the  unaided  eye,  as  well  as  with  all  degrees  of  magnification,  the  bundles 
of  fibres  composing  it  can  be  traced  from  the  frontal  and  partly  from 
the  parietal  regions  of  the  hemisphere,  through  the  substance  of  the 
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caudate  nucleus,  and  into  the  optic  thalamus.  Fig.  1,  VII,  and  fig.  3, 
indicate  the  course  of  the  fibres  composing  the  subcallosal  fasciculus. 

The  fact  is  that  the  fibres  between  the  frontal  regions  of  the  cortex 
and  the  thalamus  pursue  a  rather  intricate  course.  From  in  front  and 
above  they  pass  at  first  downward  and  backward  in  a  series  of  graceful 
curves  ;  they  then  all  turn  backwards  in  an  almost  horizontal  direction 
over  the  head  and  body  of  the  caudate  nucleus.  In  the  horizontal  part 
of  its  course  the  entire  mass  of  fibres  is  packed  into  a  single  bundle  of 
considerable  width.  At  various  distances  from  before  backward  this 
horizontal  band  gives  off  five  or  six  fasciculi,  which  turn  downward  and 
plunge  through  the  substance  of  the  caudate  nucleus  to  join  the  thala- 
mus in  the  region  of  the  stria  terminalis. 

A  vertical  or  a  horizontal  section  of  the  hemisphere  passing  through 
the  caudate  nucleus  shows  that  no  part  of  it  is  sufficiently  separated 
from  the  rest  of  the  corpus  striatum  to  allow  it  to  be  regarded  as  a 
separate  ganglion.  To  the  anatomists  who  have  described  the  sub- 
callosal bundle  the  fact  was  well  known  that  the  existence  of  the 
caudate  nucleus  as  a  separate  entity  is  a  mere  gross  appearance.  The 
form  of  that  nucleus — a  thick  head  in  front,  a  body  and  a  thin  tail 
behind — is  due  mainly  to  the  fact  that  from  a  mesial  viewpoint  the 
smaller  thalamus  leaves  exposed  a  greater  portion  of  the  striate  body 
above  and  in  front  than  it  does  behind  and  below.  Nor  is  the  separation 
of  the  exposed  from  the  concealed  part  of  the  striate  body  at  all 
accomplished  by  the  stream  of  fibres  which  perforate  that  body. 

Even  if  it  were  true,  then,  that  the  fibres  of  the  subcallosal  fasciculus 
stand  in  connection  with  the  cells  of  the  caudate  nucleus,  it  still  remains 
difficult  to  understand  why  the  fasciculus  diminishes  in  thickness 
posteriorly,  in  proportion  to  the  diminution  in  the  thickness  of  the 
caudate  nucleus. 

A  case  of  agenesis  of  the  corpus  callosum  in  the  microcephalic  brain 
of  an  idiot,  described  by  Onufrowitch  [19]  and  later  by  Forel  [7],  is 
responsible  for  a  conception  of  the  nature  of  the  subcallosal  fasciculus 
which  still  prevails.  Notwithstanding  the  absence  of  the  callosal  band 
in  this  case,  the  tapetum  was  intact  in  the  posterior  extension  of  the 
lateral  ventricle.  Onufrowitch  and  Forel  thought,  moreover,  that  the 
tapetum  was  continuous  in  front  with  a  bundle  of  fibres  which  passed 
between  the  cingulum  and  the  caudate  nucleus  to  the  frontal  portion  of 
the  hemisphere.  They,  therefore,  concluded  that  the  tapetum  was  not 
part  of  the  corpus  callosum,  but  that,  together  with  the  bundle  of  fibres 
which    they    saw   pass    to    the  frontal    portion    of   the   hemisphere,  it 
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constituted  a  fronto-occipital  association  tract.  They  called  it  the 
fronto-occipital  fasciculus  and  identified  it  with  the  superior  longitudinal 
or  arcuate  fasciculus  described  by  Burdach. 

Muratoff  [IS],  in  his  experiments  on  dogs,  found  by  the  employment 
of  the  Marchi  method  that  the  amount  of  degeneration  in  the  bundle 
described  by  Onufrowitch  was  relatively  small  when  any  single  cortical 
area  was  injured.  He  also  found  traces  of  degeneration  in  it  in  lesions 
of  the  parietal  cortex  as  well.  He,  therefore,  disagreed  with 
Onufrowitch  that  the  bundle  served  to  connect  only  the  two  areas 
implied  by  its  name,  and  came  to  the  conclusion  that  it  was  too  complex 
in  nature  for  any  specific  name  and  proposed  to  call  it  the  fasciculus 
subcallosus.  Respecting  its  identity  with  the  superior  longitudinal 
fasciculus  of  Burdach,  he  rightly  pointed  to  the  fact  that  the  latter 
association  tract  is  situated  on  the  lateral  side  of  the  corona  radiata, 
while  the  bundle  in  question  is  to  be  found  on  its  mesial  side. 

Dejerine  [4] ,  using  the  same  argument  as  did  Muratoff,  points  out 
the  error  in  identifying  the  subcallosal  fasciculus  with  the  superior 
longitudinal  fasciculus  of  Burdach.  He  agrees  with  Onufrowitch  and 
Forel  that  the  subcallosal  bundle  is  a  fronto-occipital  association  tract. 
He  brings,  however,  a  number  of  facts  to  bear  upon  the  nature  of  the 
tapetum,  showing  that  it  does  contain  a  certain  contingent  of  callosal 
fibres. 

Wernicke  [28]  thought  that  the  fasciculus  in  question  was  composed 
mainly  of  the  fibres  of  the  corpus  callosum,  but  that  it  also  contained 
a  certain  number  of  fibres  from  the  frontal  lobe.  He  declares,  how- 
ever, that  he  knows  nothing  further  about  its  course. 

That  the  subcallosal  fasciculus  is  composed  of  fibres  which  extend 
into  the  large  areas  of  the  frontal  and  parietal  cortex,  has  already 
been  noted,  ^^'hen  considering  the  course  of  the  prefrontal  and  orbital 
fibres  it  will  be  seen  that  they  curve  for  some  distance  upward  around 
the  head  of  the  caudate  nucleus,  before  plunging  through  its  substance. 
In  that  situation,  therefore,  these  fibres  contribute  to  the  formation  of 
the  anterior  portion  of  the  subcallosal  bundle  (fig.  1). 

It  can  be  easily  understood  that  lesions  of  the  occipital  cortex  would 
bring  about  degeneration  of  the  fibres  of  the  tapetum,  if  this  is  con- 
stituted either  in  whole  or  in  part  of  callosal  fibres.  That  lesions  of  the 
parietal  and  frontal  regions  of  the  cortex  would  result  in  degenerations 
in  the  subcallosal  bundle  is  also  easily  understood.  Yet  that  by  no 
means  implies  the  continuity  of  the  frontal  and  parietal  fibres  with 
those  of  the   tapetum.     The  difiiculty  lies  in  the  obscure  space  which 
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converges  from  behind  forward  between  the  posterior  portion  of  the 
callosal  band  above  and  the  optic  thalamus  below  (see  fig.  3).  The 
greater  portion  of  the  lateral  ventricular  wall  is  there  occupied  by  the 
tail  of  the  caudate  nucleus,  above  which  the  subcallosal  bundle  ends, 
while  the  fibres  of  the  tapetum,  which  stream  to  or  from  the  callosal 
band,  curving  around  the  tail  of  the  caudate,  overlap  the  ending  of  the 
subcallosal  bundle.  The  suggestion  of  the  continuity  of  the  two  is 
indeed  strong.  In  any  microscopical  preparations  where  all  the  fibres 
are  cut  across  and  where  all  appear  alike,  it  is  quite  impossible  to 
recognize  a  line  between  the  two.  A  lesion  at  this  point  would 
certainly  involve  both  the  fibres  of  the  tapetum  and  those  of  the 
subcallosal  band.  Even  some  distance  in  advance  of  the  ending  of  the 
bundle  a  lesion  of  the  tract,  by  encroaching  upon  the  closely  adjoining 
fibres  of  the  corpus  callosum,  might  be  followed  by  traces  of  degenera- 
tion in  the  tapetum  on  the  one  hand  and  in  the  frontal  and  parietal 
regions  of  the  hemisphere  on  the  other.  In  such  a  case,  too,  prepara- 
tions containing  vast  numbers  of  fibres  cut  across  must  be  misleading. 
In  sections,  however,  where  the  thinnest  bundles  may  be  traced  in 
their  continuity,  the  posterior  course  of  the  subcallosal  fasciculus  is  very 
plain  (figs,  1,  VII,  and  4). 

As  to  the  nature  of  the  tapetum,  it  is  well  to  bear  in  mind  that  the 
last  word  has  not  yet  been  said  on  the  composition  of  the  corpus 
callosum.  Hamilton  [10]  may  have  been  wrong  in  his  conclusions  on 
its  nature,  but  Beevor  [3] ,  who  attempted  to  correct  the  error,  was 
not  altogether  right.  Cajal's  silver  impregnation  sections  are  very 
convincing,  and  his  [22]  conclusion  is  that  the  corpus  callosum  is 
constituted  in  great  part  of  collaterals  of  the  projection  and  association 
fibres  of  each  hemisphere.  Roussy's  [24]  belief  is  "  that  a  certain 
number  of  fibres  depart  from  the  optic  thalamus  and,  by  way  of  the 
corpus  callosum,  arrive  at  the  cortex,  and  even  in  the  thalamus  of  the 
opposite  side."  It  is  certain,  too,  that  the  corpus  callosum  contains  a 
number  of  projection  fibres  of  the  ancient  olfactory  system.  It  must, 
therefore,  be  conceived  as  a  commissural  band  which  contains  elements 
of  many  or  even  of  all  kinds  of  fibres  of  each  hemisphere  on  their  way 
to  or  from  the  opposite  side.  In  the  light  of  such  a  conception  it  will 
be  readily  understood  how  any  portion  of  the  corpus  callosum  may  be 
present,  though  the  rest  be  congenitally  absent.  If,  therefore,  any 
portion  of  the  thalamic  or  the  other  fibre  systems  in  the  temporal  and 
occipital  regions  attained  a  certain  degree  of  development,  the  tapetum 
may  very  well  have  been  present  in  the  defective  brain  described  by 
Onufrowitch  and  Forel. 
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The  stria  fermifinlis  or  the  Stria  cornea  is  a  prominent  hnear  projec- 
tion in  the  groove  between  the  caudate  nucleus  and  the  optic  thalamus. 
With  certain  dififerences  in  detail,  it  is  the  general  agreement  of 
Arnold  [1],  Meynert  [16],  Koelliker  [12],  Ganser  [9],Edinger  [6], 
Probst  [21],  Dejerine  [4]  and  others,  that  in  animals  it  is  a  fibre  tract 
which  begins  in  the  masses  of  gre}^  matter  in  the  region  of  the  anterior 
perforated  space — the  nucleus  amygdalae,  the  anterior  portion  of  area 
pyriformis,  the  uncus,  Sec. — and  which,  after  surrounding  the  optic 
thalamus,  ends  in  the  same  masses  again.  Cajal  [22]  comments  on  the 
extreme  difficulty  of  following  this  fibre  band  in  man.  His  study  of 
the  tract  in  young  mice  has  led  him  to  the  conclusion  that  the  stria  is 
both  a  commissural — by  way  of  the  anterior  commissure — and  a  pro- 
jection system  of  fibres  belonging  to  the  olfactory  apparatus. 

In  his  degeneration  experiments  on  monkeys,  dogs  and  cats,  Probst 
[21]  found  the  stria  to  degenerate  in  both  directions.  He  could  trace 
degeneration  in  front  into  the  nucleus  of  Ganser,  and  behind  into  the 
tip  of  the  temporal  lobe. 

By  the  method  of  longitudinal  sectioning  it  has  not  been  yet  possi- 
ble to  establish  the  continuity  of  the  fibre  bundles  composing  the  stria 
terminalis  throughout  their  length  in  the  human  brain.  The  stria  is 
most  prominent  over  the  superior  (dorsal)  part  of  the  thalamus,  in  the 
groove  between  it  and  the  caudate  nucleus.  In  that  particular  situation 
the  bundles  of  the  frontal  and  parietal  portions  of  the  thalamic  fan  abut 
against  the  thalamus  in  a  manner  that  might  be  very  misleading  in 
sections  in  which  large  numbers  of  fibres  are  cut  across.  At  their 
junction  with  the  thalamus  the  lateral  portions  of  the  stout  frontal 
and  parietal  bundles  pass  down  on  the  lateral  surface  of  the  lateral 
thalamic  nucleus.  There  they  at  once  break  up  into  a  matted  brush- 
work  which,  in  these  sections,  produces  the  very  characteristic 
appearance  of  the  lateral  aspect  of  the  lateral  thalamic  nucleus — the 
lamina  medullaris  externa.  The  mesial  portions  of  the  bundles  in 
question,  however,  do  not  break  up  into  a  brushwork  to  the  same 
extent.  As  they  impinge  upon  the  thalamus,  they  bend  either  forwards 
or  backwards,  and  make  a  mesial  bulge  in  the  dorso-lateral  groove  of 
the  thalamus,  where  they  proceed  for  a  considerable  distance  before 
sinking  into  its  substance  (fig.  1,  VIII). 

The  effect  produced  by  these  frontal  and  parietal  bundles  as  they 
impinge  against  the  dorso-lateral  edge  of  the  thalamus  is  the  same  as 
when  a  row  of  camel's-hair  brushes  is  pressed  against  a  flat  surface 
along  its  edge.     Those  hairs  which  strike  the  surface  bend  in  different 
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directions  and  the  hairs  of  adjoining  brushes  will  become  intermingled  ; 
while  those  situated  beyond  the  edge  will  pass  straight  down. 

It  is,  of  course,  possible  that  mixed  in  among  these  thalamic  fibres 
are  others  which  pursue  an  arcuate  course  around  the  thalamus.  It  is 
certain,  however,  that  the  number  of  such  fibres,  if  they  exist  in  the 
human  brain,  must  be  very  small.  A  number  sufficiently  large  to  form 
even  a  thin  bundle  could  hardly  fail  to  be  detected  in  longitudinal 
sections  of  flattened-out  tissue.  It  is  also  certain  that  the  main  bulk  of 
the  stria  terminalis  in  man  is  produced  not  by  such  arcuate  fibres,  but 
by  the  linear  bulge  of  the  thalamic  fibre-bundles  as  they  impinge  upon 
the  lateral  edge  of  the  thalamus. 

Much  longer  fibres  than  those  which  constitute  the  stria  terminalis 
can  be  observed  on  the  surface  of  the  thalamus  close  to  the  stria. 
The  thin  superficial  covering  of  fibres  on  the  dorsal,  posterior  and 
inferior  surfaces  of  the  thalamus — the  stratum  zonale — may  be  peeled 
off  with  ease  from  the  nuclear  masses  within.  Ranson  [23]  has  des- 
cribed such  a  long  strand  of  tissue  which  he  dissected  away  from 
around  the  thalamus,  and  which  he  called  the  Fasciculus  thalanio- tem- 
poralis arciiatus.  He  gives,  however,  no  account  of  the  miscroscopical 
appearance  of  that  strand,  and  its  differentiation  from  the  thalamo- 
temporal  fasciculus  described  by  Arnold  is  difficult.  Serial  micro- 
scopical sections  cut  in  the  longitudinal  course  of  that  band  made  in  the 
present  study  show  nowhere  bundles  of  fibres  extending  from  one  end 
of  the  long  strip  to  the  other. 


The  Orbital  and  Prefrontal  Thalamic  Radiation. 

The  course  of  the  fibres  between  the  orbital  and  prefrontal  regions 
of  the  cortex  and  the  optic  thalamus  is  quite  unlike  that  of  the  other 
contingents  of  the  thalamic  radiation.  From  the  prefrontal  cortex  the 
fibres  at  first  curve  downward  and  backward  ;  from  the  orbital  area 
they  sweep  upward  and  backward.  Upon  reaching  the  anterior  border 
of  the  caudate  nucleus,  both  sets  of  fibres  curve  abruptly  upward,  in 
front  of  and  parallel  to  the  outline  of  the  nuclear  mass  for  a  distance  of 
about  0'5  cm.  In  that  situation  the  fibres  contribute  to  the  beginning 
of  the  subcallosal  bundle.  They  are  then  gathered  into  thick  strands 
which  pursue  a  long  downward  and  backward  course  through  the  sub- 
stance of  the  anterior  portion  of  the  caudate  nucleus,  the  lowest  of  them 
bending  over  the  anterior  commissure  (fig.  1).     In  their  course  through 
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the  nuclear  mass  the  bundles  divide  and  anastomose  at  frequent  and 
irregular  intervals,  so  that  this  portion  of  the  thalamic  fan  has  the 
appearance  of  a  coarse,  crude  network.  It  is  important  to  understand, 
however,  that  this  repeated  division  and  anastomosis  of  the  bundles 
takes  place  not  only  on  a  sagittal  plane,  but  in  a  mesial  direction  as 
well.  The  consequence  of  this  is  that  the  mesially-bulging  mass  of  the 
caudate  nucleus  above  the  anterior  commissure  is  filled  by  these 
thalamic  bundles.  Since  the  fasciculi  are  bent  in  a  mesial  direction,  a 
number  of  them  are  cut  obliquely  in  sagittal  sections  where  they  branch 
out  from  their  parent  bundles,  at  the  anterior  and  posterior  borders  of 
the  head  of  the  caudate  nucleus. 

Upon  reaching  the  anterior  end  of  the  lateral  portion  of  the  thala- 
mus, the  thick  bundles  break  up  into  thinner  fasciculi  which  pursue  a 
parallel  course  for  some  distance  and  then  diverge.  Throughout  their 
long  course  these  strands  show  no  tendency  to  break  up  into  a  brush- 
work  of  fibres,  such  as  is  the  case  to  a  greater  or  less  extent  with  the 
other  contingents  of  the  thalamic  bundles. 

It  will  be  remembered  that  the  anterior  surface  of  the  thalamus 
bears  a  rough  resemblance  to  the  narrower  pole  of  an  egg,  in  which  the 
anterior  nucleus  is  wedged  in  between  the  anterior  portions  of  the 
converging  lateral  and  mesial  nuclei.  Below,  the  anterior  portion  of  the 
ventral  nucleus  is  in  contact  with  the  lateral  nucleus.  The  sagittal 
sections  studied  are  those  contained  in  the  lateral  portion  of  the  thala- 
mus for  a  thickness  of  about  5  mm.  These  sections,  therefore,  contain 
but  a  small  portion  of  the  anterior  and  of  the  ventral  nucleus — their 
most  lateral  portions. 

Lewandowsky's  [14]  researches  tend  to  show  that  the  anterior 
nucleus  of  the  thalamus  has  no  direct  connection  with  the  cortex.  His 
conclusion  is  corroborated  by  the  results  of  the  present  study  to  the 
extent  that  the  thick  bundles  of  fibres  which  are  found  in  the  anterior 
portion  of  the  thalamus  on  its  lateral  side  traverse  this  region  without 
breaking  up.  This  author  is  of  the  opinion,  too,  that  there  exists  a> 
pathway  between  the  anterior  nucleus  of  the  thalamus  and  the  sub- 
thalamic body.  As  will  be  presently  seen,  the  work  of  other  investigators 
in  part  contradicts  this  opinion.  It  has  not  been  possible  to  establish 
in  the  present  study  whether  such  a  pathway  exists  or  does  not  exist. 
The  longitudinal  sections,  however,  do  point  to  a  possible  source  of 
error  in  this  connection.  As  the  bundles  of  fibres  are  traced  in  their 
longitudinal  cour.se  downward  and  backward,  a  number  of  them  are 
seen  to  impinge  upon  the  capsule  of  the  subthalamic  body.     Some  of 
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these  bundles  become  intermingled  with  the  dense  network  of  the 
capsule  and  are  thus  lost  to  view  ;  others,  however,  penetrate  the 
capsule  and  traverse  the  substance  of  the  subthalamic  body  for  some 
distance.  In  the  space  between  the  anterior  portion  of  the  thalamus 
and  the  subthalamic  body  these  bundles  diverge  ;  they  are,  therefore, 
more  and  more  cut  up  in  these  sections,  so  that  upon  approaching  the 
subthalamic  body  their  continuation  is  indicated  by  a  series  of  short 
strips  (fig.  1,  IX).  In  sagittal  sections  the  subthalamic  body  appears 
filled  with  a  multitude  of  islands  of  transversely  cut  bundles.  In  the 
midst  of  these,  the  short  longitudinal  strips  of  divided  orbital  and  pre- 
frontal bundles  become  lost.  Their  further  course  was  not  ascertained 
in  the  present  study.  Since  this  contingent  of  fibres  arrives  at  the 
subthalamic  body  by  way  of  the  anterior  portion  of  the  thalamus,  some 
of  its  most  mesially  lying  strands  might  easily  be  mistaken  for  a  path- 
way connecting  the  two  structures. 

Such  a  connecting  pathway  between  the  subthalamic  body  and  the 
anterior  nucleus  of  the  thalamus,  is  to  a  certain  extent  negatived  by  the 
observations  of  Eoussy  [24] .  After  having  destroyed  the  greater  portion 
of  the  thalamus  including  the  anterior  nucleus  in  a  monkey,  he  was 
unable  to  find  any  trace  of  degeneration  in  the  subthalamic  body. 

This  observation  of  Roussy's  is  incompatible  with  the  picture 
presented  by  the  sections  in  the  present  study.  If  bundles  of  con- 
tinuous fibres  traverse  both  the  anterior  portion  of  the  thalamus  and 
the  subthalamic  body,  then  their  destruction  between  those  points 
should  be  followed  either  by  direct  or  at  least  by  traces  of  retrograde 
degeneration  in  the  subthalamic  body.  Yet  in  the  experiment  men- 
tioned Koussy  found  the  latter  body  to  be  intact. 

That  the  thalamic  radiation  contains  both  corticofugal  and  thalamo- 
fugal  fibres,  has  been  abundantly  demonstrated  by  the  researches  of 
V.  Monakow  [17],  Bechterew  [2],  Dejerine  and  Long  [5],  Probst  [20], 
Roussy  [24],  E.  Sachs  [25],  Fukuda  [8]  and  a  large  number  of  other 
investigators.  If  those  prefrontal  and  orbital  bundles  which  traverse 
the  subthalamic  body  in  the  human  brain  contain  cortico-fugal  fibres, 
then  an  injury  to  those  portions  of  the  cortex  should  be  marked  by 
tracts  of  degeneration  extending  into  the  subthalamus. 

V.  Monakow  [17]  destroyed  the  greater  portion  of  the  cortex  in  a 
new-born  dog  (Gudden's  method).  Six  months  later  an  examination 
of  the  brain  showed  the  thalamus  very  much  reduced  in  size  on  the 
injured  side,  but  the  subthalamic  body  appeared  normal. 

After  ablation  of  the  posterior  frontal  region  of  the  dog's   cortex, 
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Bechterew  [2]  found  degeneration  extending  to  the  subthalamic 
body. 

Of  course,  the  posterior  frontal  region  of  the  dog's  cortex  may  not 
correspond  to  the  prefrontal  area  of  the  human  cerebrum.  Yet  even  so, 
the  findings  in  the  present  study  are  more  strengthened  by  the  positive 
results  in  Bechterew's  experiment  than  they  are  weakened  by  the 
negative  results  in  Monakow's  case.  The  failure  of  development  of  a 
few  strands  of  traversing  fibres  would  probably  cause  too  small  a 
diminution  in  the  size  of  the  subthalamic  body  to  be  readily  appreciated  ; 
while  the  observation  of  tracts  of  degeneration  in  that  body  after  a 
cortical  injury  establishes  the  fact  that  cortical  fibres  either  traverse  or 
end  in  that  body. 

In  the  case  where  an  old  lesion  involved  all  three  frontal  convolu- 
tions, Fukuda  [8]  found  no  atrophy  in  the  subthalamic  body.  Whether 
this,  too,  should  be  discounted  as  a  negative  observation,  or  whether  it 
signifies  the  fact  that  no  fibres  from  the  frontal  portions  of  the  cortex 
(as  distinguished  from  the  pre-frontal  areas)  pass  into  the  subthalamic 
body,  is  for  the  present  impossible  to  say.  A  concluding  remark  by  the 
last  mentioned  author,  in  connection  with  two  of  his  cases,  throws  some 
light  on  the  subject.  "  It  is  not  clear,"  he  says,  "  where  the  bundles 
derived  from  the  basal  convolution-complex  " — the  prefrontal  at  the 
base,  which  include  the  orbital — "go  .  .  .  They  certainly  have  no 
connection  in  the  thalamus  proper.  At  most  they  may  pass  to  the 
most  mesial  portions,  the  tuber  cinereum  or  the  central  grey  matter  of 
the  third  ventricle.  ..."  This  investigator,  then,  must  have  followed 
these  bundles  through  the  thalamus  as  far  downward  and  backward  as 
he  could  before  he  lost  sight  of  their  course. 

My  observations  in  the  present  study  do  not  corroborate  Roussy's 
[24]  conclusion  respecting  the  anterior  thalamic  nucleus  as  one  of  the 
sources  of  the  anterior  portion  of  thalamo-cortical  fibres.  Those  lesions 
of  the  thalamus  produced  by  this  investigator,  which  involved  the 
anterior  nucleus,  were  large.  They  extended  into  the  lateral  portion 
of  the  thalamus  and  rather  deep  into  its  ventral  and  posterior  portions. 
Fibres  which  may  have  their  origin  in  regions  behind  and  below  the 
anterior  nucleus  would  traverse  it  on  the  way  to  the  anterior  areas  of 
the  cortex.  That  large  and  numerous  bundles  do  traverse  the  most  lateral 
portion  of  the  anterior  nucleus,  but  which  have  their  origin  or  their 
ending  behind  or  below  that  nucleus  is  certain.  If  any  of  these  fibres 
are  thalamofugal,  their  destruction  in  their  course  through  the  anterior 
portion  of  the  thalamus    will   be  followed  by  their  degeneration  in  a 
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direction  toward  the  cortex  ;    and  the  impression  produced  may  easily 
be  in  that  case  that  the  anterior  nucleus  is  their  source  of  origin. 

After  an  experimental  lesion  in  the  anterior  portion  of  the  thalamus 
in  a  monkey,  E.  Sachs  [25]  observed  degenerated  fibres  between  the 
anterior  thalamic  nucleus  and  the  external,  lateral  or  capsular  side  of 
the  caudate  nucleus.  In  this  case,  too,  a. possible  source  of  error  must 
be  pointed  out.  The  orbital  and  prefrontal  bundles  traverse  the  antero- 
lateral parts  of  both  the  thalamus  and  the  caudate  nucleus.  These 
bundles  contain  a  contingent  of  thalamofugal  fibres.  In  a  lesion  of  the 
anterior  part  of  the  thalamus,  a  certain  number  of  the  latter  fibres 
must,  therefore,  degenerate  in  their  course  through  the  lateral  portion 
of  the  caudate  nucleus.  It  will  be  remembered  that  while  traversing 
the  caudate  nucleus,  the  bundles  join  and  divide  and  join  again  in  a 
multitude  of  ways.  Points  of  degeneration  would,  therefore,  appear  as 
very  much  scattered  in  this  intricate  network,  and  difficult  to  follow 
beyond  it. 

Tractus  Subthalamicus. 

A  well-defined  band  of  very  fine  fibres  appears  in  these  sections 
immediately  beneath  the  subthalamic  body  (fig.  1,  X).  It  lies  embedded 
therefore,  in  the  substantia  nigra,  at  its  highest  and  most  lateral 
portion.  In  front  the  fibres  become  dispersed  and  lost  in  the  caudo- 
putamen,  immediately  beneath  the  anterior  commissure.  Posteriorly 
its  fibres  are  intermingled  with  the  temporal  thalamic  fibres  in  front 
of  the  transversely  cut  auditory  tract.  In  a  number  of  the  more 
mesial  sections  the  band  appears  to  embrace  and  to  merge  with  the 
auditory  bundle.  The  nature  of  this  band  of  fibres  has  not  been 
ascertained. 
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I. — Introduction. 

We  owe  to  Head  our  deliverance  from  the  chaos  which  existed 
with  regard  to  the  afferent  nervous  system  up  to  the  time  of  the 
pubhcation  of  his  reconsideration  of  the  distribution  and  function  of 
the  peripheral  nerves.  By  means  of  investigations  by  measurable  tests 
of  each  form  of  sensation,  he  was  able  clearly  to  demonstrate  that  what 
had  been  termed  "diminished  sensibility  "  was  really  a  state  in  which 
some  forms  of  sensation  had  been  lost  whilst  others  were  retained.  He 
was  able  to  prove  conclusively  that  "  parts  which  have  universally  been 
considered  to  be  areas  of  diminished  sensibility  turn  out  to  be  totally 
insensitive  to  certain  higher  forms  of  stimulation."  In  the  study  of  the 
recovery  of  cutaneous  sensation  after  suture  of  a  peripheral  nerve,  he 
discovered  two  stages.  During  the  earlier  stage  there  was  a  gradual 
diminution  in  the  area  insensitive  to  pain  produced  by  the  prick  of  a 
pin,  and  to  heat  and  cold,  but  the  recovered  sensibility  was  appreciably 
altered.  The  prick  evoked  a  sensation  which  radiated  widely  and 
caused  unnatural  discomfort,  and  although  the  extremes  of  temperature 
could  be  appreciated  no  sensation  of  heat  or  cold  was  induced  by 
intermediate  thermal  degrees.  During  the  later  or  second  stage  of 
recovery  the  affected  part  began  to  become  sensitive  to  light  touch  and 
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to  degrees  of  temperature  which  induced  sensations  of  "  warm  "  and 
"cool."  With  further  improvement  it  became  possible  to  discriminate 
two  points  apphed  simultaneously,  and  the  characteristic  radiation  of 
the  first  stage  gradually  disappeared  as  more  accurate  cutaneous 
localization  returned. 

Such    observations  during    recovery  after    suture    of    a    peripheral 
nerve    demonstrated    the    existence    of    two    systems    in    cutaneous 
sensibility,  which  Head  named  the  protopathic  and  epicritic,  and  it  was 
thought  that  the  former  system  regenerated  more    rapidly  and  with 
greater  ease  than  the  latter.     The  crucial  test  of  this  division  into  two 
systems  was  the  classical  experiment  upon  Head's  own  arm.     In  this 
experiment  the  radial  nerve  was  divided  at  its  origin  from  the  musculo- 
spiral,  and  the  musculo-cutaneous  nerve  at  the  point  where  it  perforated 
the  deep  fascia,  just    proximal  to  its  division   into   the  two  branches 
which  supply  respectively  the  anterior  and  posterior  aspects  of  the  pre- 
axial  half  of  the  forearm.     Some  days   later  it  was  discovered  that,  in 
addition  to  the  larger  area  in  which,  except  for  the  dissociation  at  the 
edges,  there  was  a  complete  loss  of  cutaneous  sensation,  there  existed 
a  small  triangular  portion  where  normal  sensation  to  light  touches  with 
cotton  wool  and  Von  Frey's  hairs  was  retained,  but  there  was  insensi- 
tiveness  to  the  prick  of  a  pin.     The  dissociation  of  the  sensation  of  this 
triangle  was  the  reverse  of  that  found  at  the  periphery  of  the  larger 
area,  where  the   prick  of   a    pin    was    appreciated    but    there  was   no 
appreciation    of    light    touches    with    cotton    wool.     The    prolonged 
investigations  of  these   complementary  areas  of  dissociated  sensibility 
established  the  existence  of  the  two  systems  in  cutaneous  sensibility, 
and   proved   that   these  two    systems  were    independent    and  did    not 
depend  upon  simply  a  modification  of  the  same  system  of  nerve  fibres 
and  end  organs. 

To  these  two  systems  found  in  cutaneous  sensation  Head  added  a 
third,  deep  sensibility,  which  was  capable  of  responding  to  pressure, 
passive  movement  of  joints,  and  pain  caused  by  excessive  pressure. 
He  found  that  a  part  endowed  with  only  this  third  form  of  sensi- 
bility possessed  not  only  the  ability  to  recognize  a  pressure  stimulus, 
but  also  the  power  to  localize  it  with  remarkable  accuracy.  Further- 
more it  was  decided  that  "the  fibres  subserving  this  form  of  sensation 
run  mainly  with  the  motor  nerves,  and  are  not  destroyed  by  division  of 
all  the  sensory  nerves  to  the  skin."  Our  knowledge  of  deep  sensibility 
is  based  almost  entirely  upon  an  investigation  of  the  residual  sensation 
in  the  experiment  upon  Head's  own  arm.     The  nerves  divided  in  this 
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experiment  were  selected  because  it  was  thought  that,  since  these 
nerves  were  usually  considered  as  purely  cutaneous  in  distribution,  a 
large  area  of  skin  would  be  rendered  completely  insensitive  and  yet  the 
sensibility  of  the  subcutaneous  tissues  would  be  undisturbed.  Observa- 
tions will  be  advanced  in  this  paper  to  show  that  it  is  anatomically 
impossible  to  isolate  deep  from  cutaneous  sensibility,  and  that,  by 
employing  methods  which  Head  has  used  for  the  investigations  of 
cutaneous  sensation,  it  is  possible  to  find  after  division  of  peripheral 
nerves  at  various  levels  most  intricate  types  of  dissociation  in  the 
various  forms  of  sensibility  grouped  as  "  deep."  Furthermore,  having 
obtained  an  insight  into  the  production  of  these  dissociations,  it  is 
practicable  during  regeneration  after  suture  to  recognize  two  systems 
in  deep  sensibiHty. 

My  attention  was  directed  to  this  subject  during  the  progress  of  a 
study  of  the  late  results  of  secondary  suture  of  certain  peripheral  nerves 
of  the  upper  limb  [7] — as  the  median  and  ulnar — since  it  became 
apparent  that  the  sensory  condition  found  did  not  conform  with  our 
present  conception  of  the  subject.  The  chief  discrepancy  had  reference 
to  deep  sensibility,  and  most  of  the  investigations  recorded  in  this  paper 
are  concerned  with  this  aspect  of  sensation.  It  was  discovered  in  some 
patients,  after  suture  of  the  median,  that  all  the  muscles — when  tested 
individually — had  recovered  voluntary  power  and  yet  the  hand  was  of 
slight  practical  service  when  the  patient  attempted  purposive  move- 
ments necessary  on  his  return  to  work.  These  patients  complained 
that  they  lost  the  grip  of  their  tools,  and  on  further  inquiry  it  was 
found  that  they  could  use  the  hand  fairly  well  as  long  as  they  concen- 
trated upon  the  movements,  but  it  failed  to  function  satisfactorily  as 
soon  as  they  ceased  to  watch  what  it  was  doing.  Several  volunteered 
the  information  that  the  hand  was  useless  in  the  dark  or  when  they 
were  unable  to  observe  what  they  were  trying  to  do  with  it.  Such 
complaints  were  made  by  patients  some  three  or  more  years  after  the 
performance  of  end  to  end  suture,  even  when  the  cutaneous  sensation 
had  made  a  fair  recovery  and  all  the  muscles,  when  tested  individually, 
exhibited  good  voluntary  power.  It  seemed  clear  that  such  a  disability 
could  only  be  due  to  a  loss  of  afferent  stimuli  from  joints,  muscles, 
tendons  and  other  deep  structures.  It  was  only  practicable  to  investi- 
gate directly  the  extent  of  the  recovery  of  fibres  conveying  sensory 
impressions  from  such  deep  structures  as  the  joints.  An  investigation 
as  to  the  sense  of  posture  and  the  appreciation  of  passive  movements  in 
the  finger  and  thumb  articulations  supplied  by  the  nerve  was  carried 
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out  and  it  was  discovered  that  tliese  were  generally  lost,  or  at  the  best 
very  defective,  even  when  fully  three  years  had  elapsed  since  the  time 
of  the  suture.  This  loss  of  appreciation,  or  defective  recognition,  of 
passive  movement  in  the  joints  supplied  by  the  nerves  was  found 
irrespective  of  the  level  of  the  suture;  although,  according  to  Head, 
there  would  be  no  serious  loss  of  deep  sensibility  after  section  of  the 
median  or  ulnar  nerves  low  down,  e.g.,  at  the  wrist.  This  inquiry 
into  the  recovery  after  end  to  end  suture  of  afferent  fibres  from  joints 
gradually  directed  me  to  the  investigations  recorded  in  this  paper. 

II. — The  Anatomy  of  Deep  Sensibility. 

By  the  subdivision  of  sensation  into  cutaneous  (epicritic  and  proto- 
pathic)  and  deep,  we  are  at  once  confronted  with  certain  anatomical 
difficulties,  which  are  emphasized  in  the  hand  and  digits  where  much  of 
the  experimental  work  upon  sensation  has  been  performed.  We  cannot 
separate  anatomically  the  fibres  distributed  to  cutaneous  and  subcuta- 
neous structures  of  any  sensory  nerve  of  sufficient  size  to  warrant  its  use 
as  a  source  of  information  about  sensation.  No  nerve  trunk  or  branch, 
of  sufficient  size  to  receive  a  name,  has  an  exclusively  cutaneous  distri- 
bution. My  own  clinical  investigations  prove  that  the  radial  [8]  besides 
supplying  skin  is  distributed  to  certain  articular  structures,  and  careful 
dissection  of  nerves  which  have  unfortunately  been  described  as  "  purely 
cutaneous  "  will  show  that  a  large  proportion  of  fibres  terminate  in 
the  subcutaneous  tissues.  Of  course  such  a  gross  method  of  investiga- 
tion as  dissection  does  not  give  us  any  information  about  the  function 
of  these  fibres  which  can  be  traced  into  deeper  structures,  but  in  view 
of  the  clinical  findings  after  division  of  the  radial  nerve  (which  is  usually 
designated  a  purely  cutaneous  nerve),  we  must  not  assume  that  any 
nerve,  of  sufficient  size  to  justify  its  selection  for  experimental  work 
upon  sensation,  is  purely  cutaneous  until  it  has  been  proved.  In  the 
course  of  this  work  the  extreme  difficulty  of  determining  clinically 
whether  the  sensory  fibres  of  a  nerve  are  distributed  solely  to  skin  or 
not  has  become  manifest,  the  chief  hindrance  arising  from  the  fact  that 
we  cannot  ascertain  for  certain  whether  some  aspects  of  sensation  are 
subserved  by  fibres  terminating  in  skin,  or  subcutaneous  tissues,  or 
both.  This  difficulty  is  well  illustrated  by  localization.  From  the 
experiments  upon  localization  it  is  clear  that  fibres  subserving  this 
form  of  sensibility  terminate  cutaneously  and  suljcutaneously.  It  seems 
possible  from  my  own  observations  and  those  of  others  that  discrimina- 
tion may  be  also  served  by  both  cutaneous  and  subcutaneous  systems; 
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but    there    are    even    greater    technical  difficulties  to  be  overcome  in 
making  a  decision  vi^ith  regard  to  this  form  of  sensation.     At  first  sight 
the  experiment  upon  Head's  own  arm  seems  to  establish  discrimination 
as  purely  dependent  upon  a  cutaneous  supply,  but  it  depends  upon  the 
assumption  that  the  radial  and  the  terminal  branches  of  the  musculo- 
cutaneous are  purely  cutaneous  nerves,  and  since  in  a  larger  proportion 
I  have  found  this  not  to  be  the  case,  the  results  cannot  be  accepted  as 
proof  that  discrimination  is  only  a  cutaneous  form  of  sensation.     In  the 
case  of  division  of  the  median  and  ulnar  it  is  clearly  quite  impossible  to 
advance  any  proof  with  regard  to  this  question  owmg  to  the  complex 
anatomical  distribution  to  subcutaneous  tissues  in  this  region.    Whereas 
we  know  accurately  the  normal  cutaneous  distribution  of  the  median 
and  certain  variations    [6]   in  its  cutaneous  supply,  we  find  that  the 
corresponding  deeper  tissues  receive  sensory  fibres  from  at  least  three 
sources.     The  subcutaneous  structures  of   the  palmar  surface   of   the 
thumb,  index  and  middle  fingers  are  supplied  from  the  median  nerve 
direct  by  means  of  the  digital  branches,  and  from  branches  arising  from 
the  main  trunk  proximal  to  the  wrist  which  probably  run  chiefly  with 
the  muscular  branches,  and  so  pass  to  their  distribution  along  tendons. 
The  subcutaneous  tissues  of  the  palm  corresponding  to  the  cutaneous 
distribution   of  the  median  are  supplied,   first  by  branches  from   the 
nerve  itself  as  it  breaks  up  in  the  palm,  secondly  by  branches  which 
pass  down  with  the  long  tendons,  and  thirdly  from  the  deep  branch  of 
the  ulnar  or  perforating  branches  of  the  radial  or  both.     The  latter  two 
possible  sources  of  sensory  fibres  are  shown  by  the  fact  that  even  after 
division  of  the   median   nerve  in  the   upper   arm,  pressure   and    often 
pressure- pain  can  be  recognized  over  the  whole  of  the  palm  in  some 
patients,  and  in  all  over  a  considerable  part  of  the  palm  ;    and  similarly 
after  division  of  both  the  median  and  the  ulnar  in  the  arm  contact  and 
pressure  pain  are  appreciated  over  part  of  the  palm,  especially  on  the 
outer  side. 

The  distribution  to  subcutaneous  tissues  in  the  case  of  the  ulnar  is 
not  quite  so  complex,  but  sufficiently  intricate  to  make  it  impracticable 
to  isolate  it  from  the  cutaneous  supply.  In  the  hand  deep  sensibility  is 
only  in  part  subserved  by  fibres  which  run  with  muscular  branches, 
since  the  digital  nerves — which  are  generally  regarded  as  cutaneous — 
definitely  supply  the  articulations  [8].  One  form  of  sensation  included 
under  the  term  of  deep  sensibility  is  therefore  invariably  affected  by 
division  of  the  median  or  ulnar,  whether  the  section  of  the  nerve  occurs 
at  the  wrist  or  in  a  more  proximal  part  of  the  limb. 
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Tlie  cpniplex  anatomical  arrangement  of  the  sensory  supply  to  the 
subcutaneous  tissues  of  the  hand  makes  it  exceedingly  ditlicult  to 
investigate  what  has  been  termed  deep  sensibility  ;  it  is  not  accurate  to 
regard  it  as  the  residual  sensation  after  division  of  a  purely  cutaneous 
nerve  unless  we  are  certain  that  a  nerve  so  designated  has  solely  a 
sensory  distribution  to  skin,  and  from  the  results  recorded  in  this  paper 
I  maintain  that  we  cannot  so  adjudge  the  radial  nerve.  Most  ana- 
tomical text-books  describe  the  radial  as  "purely"  or  "solely" 
cutaneous,  but  it  seems  evident  that  in  the  past  anatomists  have 
designated  nerves  as  purely  cutaneous  on  insufficient  evidence.  This 
appears  to  have  misled  Head  and  his  co-workers  into  the  belief  that  in 
"  a  human  experiment  in  nerve  division "  only  cutaneous  sensation 
was  destroyed,  and  deep  sensibility  persisted  undisturbed. 

From  these  conclusions  it  would  appear  that  any  division  of 
sensation  into  cutaneous  and  deep  must  be  regarded  as  artificial,  and 
is  apt  to  be  misleading  when  applied  to  clinical  work  owing  to  the 
complex  anatomical  distribution  of  sensory  fibres  to  the  subcutaneous 
tissues.  ) 

III. — The  Normal  Anatomical  Distribution  of  Afferent  Nerves 
TO  the  Interphalangeal  and  Metacarpo-phalangeal  Joints. 

After  a  few  patients  had  been  examined  with  reference  to  the  extent 
of  the  recovery  of  sensory  fibres  supplying  the  articulations  of  the  digits, 
a  difficulty  presented  itself  owing  to  our  imperfect  knowledge  of  the 
normal  distribution  of  peripheral  nerves  to  the  interphalangeal  and 
metacarpo-phalangeal  joints.  Consequently  it  became  necessary  to  dis- 
cover precisely  the  normal  distribution  of  the  various  nerve  trunks  to 
the  joints,  in  order  to  be  able  to  estimate  accurately  the  recovery  which 
had  occurred.  The  details  of  this  part  of  the  work  have  already  been 
fully  recorded  in  a  recent  paper  [8]  and  it  is  necessary  only  to  summarize 
the  conclusions  bearing  upon  deep  sensibility. 

In  all  fifty-one  patients  were  examined  and  they  were  selected 
because  it  was  known  that  a  complete  division  of  definite  peripheral 
nerves  of  the  upper  extremity  existed.  Any  patient  manifesting  such 
complications  as  division  of  tendons  or  limitation  of  mobility  of  joints 
was  disregarded  for  obvious  reasons. 

The  examination  was  first  made  on  the  normal  side  in  order  to 
make  the  patient  quite  familiar  with  the  method  and  what  was  expected 
of  him  ;  secondly  to  provide  a  standard  and   control   for   comparison ; 
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and  thirdly  to  enable  me  to  test  the  rehabihty  and  attention  of  the 
patient.  It  was  surprising  how  few  patients  had  to  be  discarded  as 
unrehable  when  snfticient  time  was  taken  to  make  quite  clear  to  them 
what  was  wanted,  and  enough  patience  was  expended.  A  relatively 
large  number,  who  were  otherwise  suitable,  had  to  be  omitted  on 
account  of  arthritic  adhesions.  Each  segment  of  the  digit,  above  and 
below  the  joint  to  be  examined,  was  grasped  firmly  by  the  lateral 
borders  and  then  the  joint  was  gradually  and  evenly  flexed  or  extended. 
The  segments  of  the  digit  must  be  grasped  firmly,  as  Head  [3]  has 
pointed  out,  so  that  the  additional  pressure  required  to  move  the  joint 
shall  not  be  distinguishable  and  thus  lead  to  the  recognition  of  move- 
ment from  impressions  other  than  those  arising  from  the  articular 
structures.  The  movement  of  the  joint  must  also  be  made  as  far  as 
possible  at  a  uniform  rate  and  not  too  slowly.  The  patient  was  requested 
to  state  when  he  first  felt  any  movement,  and  on  answering  was  further 
asked  at  which  joint  it  occurred,  and  also  the  apparent  direction  of  the 
movement.  The  latter  two  questions  were  soon  found  to  be  of  funda- 
mental importance  for  any  accurate  investigation  of  the  appreciation  of 
passive  movement  in  a  joint,  since  it  was  discovered  that  patients  were 
able  frequently  to  recognize  movement  of  a  particular  digit  without 
possessing  any  knowledge  of  the  joint  at  which  it  occurred  or  the  direc- 
tion in  which  it  moved.  Quite  early  in  the  investigation  it  became 
manifest  that  this  recognition  of  mere  movement  of  a  finger  was 
obviously  dependent  upon  alteration  in  tension  or  position  of  the  tendons 
(and  consequent  stimulation  of  the  nerve  endings  in  relation  to  them), 
and  did  not  arise  from  any  stimulation  of  afferent  terminals  in  the 
bones,  cartilage,  and  capsule  of  the  joint.  Several  patients  informed 
me  that  they  felt  the  movement  of  something  at  the  wrist  and  knew  it 
was  pulling  on  a  finger,  but  were  quite  unable  to  discover  from  the 
sensation  aroused  at  which  joint  the  movement  took  place.  Fortunately 
this  source  of  fallacy  was  discovered  at  an  early  stage  in  the  investiga- 
tion, and  errors  arising  from  it  were  consequently  prevented.  From 
a  review  of  other  work  on  this  aspect  of  sensation  it  seems  possible 
that  fallacies  may  have  arisen  in  the  past  from  this  cause. 

Another  source  of  possible  error,  which  was  soon  determined,  arose 
from  the  difficulty  patients  had  in  expressing  the  joint  at  which  the 
movement  was  experienced.  Such  a  term  as  "  first  joint  "  was  apt  to 
be  misleading,  since  some  referred  this  to  the  metacarpo-phalangeal 
articulation,  and  others  to  the  distal  interphalangeal.  Consequently  it 
was  found  necessary  at  the  outset  of  each  examination  to  have  a  clear 
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understanding  with  the  patient  as  to  the  teiminology  he  adopted  for  the 
various  joints.  The  results  of  this  anatomical  inquiry  into  the  normal 
supply  of  the  afferent  fibres  to  the  interphalangeal  and  metacarpo- 
phalangeal joints  are  summarized  in  Table  I,  but  it  must  be  understood 
that  the  percentages  there  stated  can  be  regarded  as  only  approximate, 
since  only  fifty-one  patients  were  examined. 

The  most  surprising  result  found  in  these  examinations  was  that  no 
difference  in  the  extent  of  the  loss  of  the  recognition  of  posture  and 
appreciation  of  passive  movement  was  produced  by  section  of  the  nerve 
under  inquiry  at  different  levels  in  the  limb,  a  precisely  similar  distri- 
bution being  found  whether  the  nerve  was  severed  in  the  upper  arm, 
forearm,  or  at  the  wrist.  In  seven  patients  (median  four,  ulnar  two, 
median  and  ulnar  one),  the  division  was  at  the  v/rist,  and  there  had 
been  no  division  of  tendons,  yet  the  loss  of  appreciation  of  passive 
movement  was  just  as  widespread  and  as  profound  as  when  the  nerves 
had  been  divided  in  the  upper  part  of  the  forearm.  In  twenty  others 
the  division  had  occurred  in  the  forearm,  and  in  a  number  of  these  in 
its  distal  part.  The  patients  in  the  latter  category  did  not  manifest 
any  loss  of  the  recognition  of  pressure,  yet  the  loss  of  appreciation  of 
posture  was  just  as  extensive  as  after  section  in  a  more  proximal  part 
of  the  limb,  even  where  one  or  more  digits  were  completely  aneesthetic 
to  all  forms  of  stimulation. 

It  is  of  particular  importance  to  notice  the  condition  found  in 
fourteen  patients  in  which  the  musculo-spiral  had  been  severed,  since 
the  study  of  these  patients  really  resolved  itself  into  an  investigation 
of  the  distribution  of  the  radial  and  lower  external  cutaneous  branches 
of  this  nerve  to  the  joints.  In  two  the  recognition  of  passive  move- 
ments appeared  to  be  perfect  in  all  the  joints,  but  in  the  other  twelve 
one  or  more  articulations  of  the  thumb  or  fingers  were  affected,  and 
the  extent  of  this  distribution  was  found  to  be  subject  to  consider- 
able variation.  It  will  be  remembered  that  there  was  no  dis- 
turbance of  the  perception  of  passive  movement  in  Head's  historical 
experiment  upon  which  depends  our  present  knowledge  of  deep  sensi- 
bility ;  and  it  seems  possible,  from  the  fact  that  a  similar  result  was 
found  in  only  two  patients  out  of  fourteen,  that  this  form  of  distribution 
is  the  exception  rather  than  the  rule.  Furthermore  in  view  of  the 
evidence  of  the  very  frequent  presence  of  sensory  fibres  in  the  radial 
for  the  supply  of  certain  articulations  of  the  digits,  it  is  no  longer 
possible  to  regard  the  radial  as  a  purely  cutaneous  nerve. 

In  the  course  of  this  study   a  very  intimate  relationship  between 
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the  variations  in  the  cutaneous  (epicritic)  and  articular  distributions  of 
the  various  nerves  was  observed,  and  this  is  illustrated  in  fig.  1 : — 


=  Complete  loss  of  appreciation  of  passive  movement. 

rrr  Impaired  recognition  of  passive  movement. 

=  Extent  of  anaesthesia  to  lightest  possible  stimulations. 


Type  4  =  1  patient. 
,,  D  ^:=  i  patients. 
,,  C  -^  3  patifints. 
,,     X)  =:  1  patient. 

Fig.   1. — To  show  the  intimate  relationship  between  the  cutaneous  (epicritic)  and 
articular  distributions  of  the  radial  nerve. 


Type  E  =  1  patient. 
,,  F  -  1  patient. 
,,     G  ^-  1  patient. 


The  loss  of  the  appreciation  of  passive  movement  in  the  joints  of 
the  digits  which  exhibit  no  anaesthesia  to  tactile  pressure  is  at  first 
sight  rather  mystifying  in  view  of  our  present  conception  of  the  path- 
way for  the  deep  afferent  impressions,  i.e.,  along  nerve-fibres  which  run 
chiefly  with  muscular  branches  and  so  reach  the  articulations  by  the 
way  of  such  channels  as  tendons  and  blood-vessels.  This  view  must 
largely  disregard  the  digital  branches  of  such  nerves  as  the  median  and 
ulnar  as  a  source  of  articular  branches  to  the  interphalangeal  and 
metacarno-phalangeal  joints,  and  yet  a  simple  dissection  of  these 
branches  will  demonstrate  clearly  fine  filaments  which  pass  to  the 
periosteum  of  the  phalanges  and  to  the  interphalangeal  articulations. 
It  may  be  presumed  that  these  branches  from  the  digital  nerves  are 
either    afferent   or  vasomotor  in  function.     The  results  found   in  the 
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•clinical  examinations  just  recorded  of  patients  suffering  from  division 
of  the  median  or  ulnar  at  the  wrist,  uncomplicated  by  any  injury  to  the 
tendons,  appear  to  show  conclusively  that  some  of  these  filaments  are 
afferent  in  function  and  transmit  information  which  enables  us  to 
appreciate  the  site,  direction,  and  range  of  passive  movement.  Since 
the  extent  of  the  loss  of  appreciation  of  passive  movement  was  not 
altered  by  the  anatomical  level  of  the  section  of  the  nerve,  it  appears 
that  few,  if  any,  fibres  subserving"  this  form  of  deep  sensibility  run  with 
the  branches  to  forearm  muscles,  the  tendons  of  which  are  inserted  into 
the  phalanges.  Several  patients  suffering  from  division  of  the  median 
or  ulnar  at  the  wrist  were  able  to  recognize  "movement"  of  a 
particular  finger,  probably  as  a  result  of  alteration  of  tension  or  position 
of  the  long  tendons  ;  but  it  was  clear  that  this  knowledge  was  not 
produced  by  stimulation  of  afferent  terminals  in  the  neighbourhood  of 
the  joint,  since  some  of  them  explained  that  they  felt  "  the  pull  at  the 
wrist,"  and  so  "  guessed  a  finger  was  being  moved."  None  of  these 
were  able  to  recognize  at  which  joint  the  movement  occurred,  or  in 
what  direction  it  was  made. 

These  conclusions  have  been  verified  upon  a  number  of  patients 
examined  three  or  more  years  after  suture  of  the  median  or  ulnar 
nerve  at  the  wrist,  who  at  the  best  still  exhibited  very  defective 
recovery  of  the  appreciation  of  passive  movement  in  the  joints  supplied 
by  the  affected  nerve.  From  these  investigations  it  appears  that  the 
digital  nerves  are  the  only  important  source  to  the  joints  of  branches 
which  transmit  impulses  that  enable  us  to  recognize  position  and 
movement. 

On  applying  this  knowledge  to  the  examination  of  large  numbers  of 
patients  upon  whom  end  to  end  suture  of  the  median,  ulnar,  or  musculo- 
spiral  nerves  had  been  performed,  it  was  found  that  this  form  of 
sensation,  irrespective  of  the  level  of  the  suture,  failed  to  show  any 
signs  of  recovery  until  a  very  late  stage — a  time  when  there  was 
evidence  of  return  of  epicritic  sensibility. 

IV. — Localization. 

The  findings  with  regard  to  spacial  recognition  in  three  dimensions 
led  me  to  investigate  other  aspects  of  deep  sensibility. 

At  present  it  is  believed  that  pressure  is  localized  with  remarkable 
accuracy  even  when  there  is  a  complete  loss  of  cutaneous  sensibility, 
and    it    is    surmised   that  this  form    of    sensation    is  dependent  upon 
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atifn'tii  lilires  which  run  in  muscular,  articular,  and  subcutaneous 
branches. 

Hitherto,  no  perfectly  satisfactory  method  for  testing  accurately 
tactile  localization  has  been  evolved.  Most  methods  now  in  use  only 
demonstrate  very  gross  defects,  and  fail  to  furnish  measurable  results. 
The  tests  most  frequently  adopted  in  the  investigation  of  tactile 
localization  only  show  such  a  gross  error  as  failure  to  recognize 
correctly  the  segment  of  the  digit  upon  which  the  pressure  has  been 
applied — a  defect  which  I  have  found  to  occur  several  times  in 
apparently  normal  individuals  [V)].  Consequently  an  effort  was  made 
to  discover  some  method  which  would  supply  more  accurate  informa- 
tion about  the  power  of  localization,  and  also  provide  measurable  results. 
The  method  found  to  be  most  serviceable  and  practicable  was  a  slight 
modification  of  that  described  as  Henri's,  but,  unfortunately,  it  has  not 
been  possible  for  me  to  procure  the  original  description  of  his  method. 
The  patient,  having  the  part  to  be  tested  obscured  from  his  vision, 
marked  upon  a  life-sized  diagram  the  position  of  the  point  judged  to  be 
stimulated,  whilst  the  observer  recorded  on  another  similar  diagram  the 
exact  point  touched.  After  a  sufficient  number  of  points  had  been 
localized,  the  two  diagrams  were  superimposed  and  the  two  points 
recorded  in  each  test  were  marked  on  one  diagram — in  different  colours 
or  by  distinctive  signs,  and  then  the  error  in  each  case  was  measured 
off  with  a  millimetre  scale.  From  these  measurements,  if  a  sufficient 
number  of  points  had  been  localized,  the  average  error  for  the  whole 
or  individual  parts — as  each  digit — could  be  determined.  In  the  latter 
part  of  the  investigation  only  one  chart  was  used,  the  observer 
recording  the  exact  point  stimulated  after  the  person  examined  had 
marked  the  point  where  he  felt  the  stimulation ;  and  this  simpler 
procedure  proved  as  successful,  and  apparently  as  reliable,  as  the  more 
tedious  original  form. 

Using  this  method,  which  possesses  the  great  advantage  of  giving 
measurable  results,  the  following  experiments  were  performed  :— 

Experiment  1. — This  series,  in  which  ten  members  of  the  medical 
profession  provided  the  subjects  for  examination,  was  undertaken  at  the 
outset  for  two  principal  reasons.  In  the  first  place  it  was  thought  that 
any  possible  fallacy  due  to  unfamiliarity  with  the  diagrams  would  be 
reduced  to  a  minimum;  and,  .secondly,  such  a  series  Would  provide 
valuable"  information  with  regard  to  the  introspective  aspect  of  this 
form  of  sensation.  The  tactile  pressure  was  made  by  a  blunt  instru- 
ment about  02  cm.  in  diameter.     The   palmar  and  dorsal  surfaces  of 
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each  hand  and  digit  were  explored  in  turn.  Twelve  stimulations  were 
made  on  each  surface,  eight  or  nine  of  which  were  on  the  digits  and  the 
rest  on  the  palm  or  dorsum  of  the  hand.  The  average  error  for  the  ten 
subjects  was  found  to  be  0"G  cm.  for  the  palmar  and  0'5  cm.  for  the 
dorsal  surfaces  of  the  right  hand  and  fingers,  and  05  cm.  for  both 
surfaces  of  the  left  hand  and  fingers. 

Experiment  2. — In  this  series,  ten  non-medical  people  were  ex- 
amined and  only  the  palmar  surface  of  the  two  hands  and  digits 
explored.  The  ten  were  composed  of  clerks,  departmental  stewards, 
porters,  and  second-year  students.  The  same  number  of  stimulations 
were  made,  and  the  same  proportion  on  the  hand  and  digits,  by  the 
same  instrument  as  in  the  previous  experiment.  The  average  error  for 
the  ten  was  0'6  cm.  for  the  right  hand  and  0"7  cm.  for  the  left.  The 
close  similarity  in  the  results  in  the  two  experiments  is  rather  remark- 
able, and  shows  that  any  error  due  to  unfamiliarity  with  the  charts,  at 
any  rate  for  the  palmar  surface  of  the  hand  and  digits,  must  be  very 
slight.  This  conclusion  was  confirmed  by  a  large  series  of  tests  carried 
out  upon  pensioners  under  my  charge,  in  whom  an  average  error  of 
0'6  cm.  was  found  for  the  palmar  surface  of  the  hand  and  digits  on 
both  sides. 

Experiment  3. — This  series  was  undertaken  to  discover  the  normal 
average  error  for  the  individual  fingers  and  to  find  out  if  there  was 
normally  any  definite  variation  in  the  power  of  localization  in  the 
different  fingers.  Two  people  were  chosen  from  each  of  the  former 
experiments  and  twelve  pressure  stimulations  (six  on  the  palmar  and 
six  on  the  dorsal  surface)  were  made  on  each  finger  of  right  hand.  As 
far  as  possible  two  stimulations  were  made  on  both  surfaces  of  each 
segment  of  a  finger. 

The  average  error  for  the  four  persons  examined  was  found  to  be 
0'4  cm.  for  the  index,  middle,  and  ring  fingers,  and  08  cm.  for  the 
little  finger  ;  from  which  it  appeared  that  the  power  of  localization  did 
not  vary  to  any  obvious  extent  in  the  four  fingers. 

Further  details  and  tables  showing  individual  errors  in  these  three 
experiments  are  given  in  the  paper  previously  referred  to. 

Experiment  4. — From  the  results  which  were  being  found  on 
applying  this  test  to  patients  suffering  from  division  of  peripheral  nerves, 
it  was  decided  to  perform  a  series  of  tests  using  as  a  stimulus  a  hair, 
which  could  not  possibly  stimulate  any  but  cutaneous  nerve  terminals. 
For  this  investigation  three  medical  people  were  chosen  from  those  used 
in  Experiment  1  and  a  similar  number  from  the  non-medical  group  of 
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Experiment  '2.  The  same  number  of  stimulations  were  made  with 
the  hair  as  in  the  former  experiments  where  pressure  had  been  used  as 
the  stimuhis,  and  the  conditions  under  which  the  tests  were  performed 
were  identical  with  those  of  the  previous  experiments.  It  was  found 
that  a  purely  cutaneous  stimulus  could  be  localized  very  accurately  ; 
in  Table  II  the  results  are  compared  when  using  a  hair  and  when  using 
pressure  with  an  instrument  02  cm.  in  diameter.  The  latter  records 
had  been  taken  some  weeks  previously. 
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From  these  results  it  will  be  seen  that  accuracy  of  localization  is 
practically  the  same,  for  either  a  purely  cutaneous  stimulus  or  pressure, 
in  individuals  with  normal  sensation. 

It  is  of  interest  to  notice  that  in  the  observations  made  upon  Head's 
hand  [5],  it  was  found  that  accurate  localization  of  cutaneous  stimuli 
did  not  return  until  the  skin  was  sensitive  to  tactile  hairs  after 
shaving. 

Experiment  5. — After  the  former  more  or  less  preliminary  experi- 
ments, which  were  undertaken  chiefly  to  gain  experience  and  establish 
the  normal  degree  of  error  in  localization,  had  been  carried  out,  the 
pressure  test  was  applied  to  twenty  patients  who  were  known  from 
surgical  oDservations  to  have  suffered  from  division  of  one  or  two  peri- 
pheral nerves  of  the  upper  limb  at  various  levels.  A  similar  number  of 
stimulations  as  in  Experiments  1  and  2  were  made  over  the  region  of 
the  cutaneous  distribution  of  the  affected  nerve  and,  for  comparison, 
on  the  normal  part  of  the  same  hand  or  a  similar  region  on  the 
unaffected  hand.  Stimulations  were  made  with  the  same  instrument 
as  that  used  in  the  other  experiments.  In  ten  patients,  the  observa- 
tions were  taken  shortly  after  the  performance  of  secondary  suture  of 
the  injured  nerve,  at  a  time  too  early  for  any  regeneration  to  have 
occurred.     The  results  are  tabulated  in  Table  III. 

The  average  error  for  the  ten  patients  over  the  cutaneous  field 
of  the  sutured  nerve  was  1'4  cm.,  whereas  on  the  normal  part  it  was 
06  cm. 
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Table   III. — Localization   (Pressure)   Tests,   after    Complete    Nerve   Division   and 
Suture  at  a  Time  when  no  Regeneration  had  occurred. 


Patient 

T.  E. 
J.  D. 

Nerve 

IMedian 
I\Iedian 

Site  of  suture 

Upper  forearm 
Middle  of  forearm 

AveiaKfi  error  for 

localization  over  area 

of  epicritic  loss 

1-2 

1-4 

Average  error  for 

localization  over 

normal  area 

•6 

•5 

H.  S. 
T.  M. 

Musculo 
Ulnar 

•spiral 

Elbow 

Middle  of  forearm 

1-1 

1-7 

•4 

•7 

A.  M. 

Median 

Middle  of  forearm 

10 

•5 

N.  D. 

Ulnar 

Middle  of  forearm 

1-2 

•4 

J.  J.  T. 

Median 

Arm 

.  1-8 

•6 

A.  L.  B. 

Ulnar 

Elbow 

1-1 

•6 

J.  T.  S. 

Ulnar 

Lower  forearm 

1-9] 

•8 

F.  S. 

Ulnar 

Middle  of  forearm 

1-2 

•8 

In  the  case  of  T.M.  two  stimulations  on  the  little  finger  had  to  be 
left  out  of  the  calculations  since  he  said  he  was  unable  to  place  them  ; 
he  knew  one  was  "  somewhere "  on  the  little  finger,  but  the  other 
seemed  "  somewhere  "  on  the  inner  part  of  the  hand. 

In  seven  other  patients  the  investigation  of  localization  was  made 
after  protopathic  sensibility  had  made  a  complete  recovery,  but  before 
there  was  any  reduction  in  the  loss  of  epicritic  sensibility.  The  results 
of  this  set  are  recorded  in  Table  IV. 

Table  IV. — Localization  (Pressure)  Test,  after  Complete  Nerve  Division  and 
Suture,  with  Recovery  of  Protopathic  Sensibility  at  Time  of  Observation. 

Average  error  for 

localization  over 

normal  area 

•9 

•5 

•5 

•5 

•8 
•5 
•5 

The  average  error  for  the  seven  patients  over  the  area  of  epicritic 
loss  was  l'(3  cm.  and  over  the  normal  part  O'G  cm.  This  series  shows 
that  the  error  in  localization  is  not  diminished  during  the  recovery  of 
protopathic  sensibility.  In  two  additional  patients  considerable  time 
had  elapsed  since  the  performance  of  the  suture  and  some  recovery  of 
epicritic  sensibility  had  occurred,  as  well  as  the  return  of  protopathic 
sensibility.  In  both  patients  gross  errors  were  found  with  the  compass 
test  over  the  cutaneous  distribution  of  the  nerve,  although  this  was 
sensitive  to  the  lightest  application  of  a  camel  hair-brush.  The  findings 
of  these  two  patients  are  shown  in  Table  V. 

It  is  of  great  interest  to  notice  that  in  both   patients  the  remaining 


Patient 
B.  K. 

Nerve 
IMedian  an 

d  ulnar 

Site  of  suture 
Wrist 

Average  error  for 

localization  over  area 

of  epicritic  loss 

1-4 

A.  N.  K. 

Ulnar 

Elbow 

1-4 

S.  0. 

Ulnar 

Middle  of  forearm 

1-4 

J.  R.  M. 

Ulnar 

Upper  forearm 

1-6 

0.  R. 

Median 

Middle  of  forearm 

1-4 

V.  P. 

Ulnar 

Lower  forearm 

3-0 

T.  T.  P. 

Median 

Lower  forearm 

l-l 
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deficiency  in  sensation  affected  discrimination,  localization,  and  the 
recognition  of  posture  and  passive  movement  in  the  joints  supplied  by 
the  nerve. 

Table  V.— Localization  (Pbesscre)  Test,  after  Complete  Nerve  Division  and  Suture, 
WITH  Recovery  of  Pbotopathic  and  Partial  Recovery  of  Epicritic  Sensibility 
at  Time  of  Observation. 

Average  error  for  Average  error  for 

Patieiil  Xervt  Site  of  suture  localization  over  area  localizatimi  over 

of  partial  epicritic  loss  uoruial  area 

W.  H.  Ulnar  Arm  1-0  1 

T.  N.  W.        Median  Upper  forearm  1-3  -9 

In  one  other  patient  the  only  evidence  of  any  regeneration  of  afferent 
fibres  was  a  slight  recession  of  protopathic  loss,  although  four  years  had 
elapsed  since  the  time  of  the  secondary  suture  of  the  median,  and  the 
error  in  localization  for  the  anaesthetic  area  was  1''2  cm.,  whereas  for  the 
normal  part  it  was  04  cm. 

By  the  application  of  this  method  of  testing  localization,  which  gives 
measurable  results,  to  patients  known  to  be  suffering  from  division  of 
peripheral  nerves,  it  is  shown  that,  contrary  to  the  present  view, 
accurate  tactile  localization  is  not  present  even  when  the  pressure  is 
sufficient  to  stimulate  the  deep  afferent  system.  It  is  difficult  to  decide 
whether  the  defective  power  of  localization  in  these  twenty  patients  was 
due  to  loss  of  cutaneous  or  subcutaneous  nerve  terminals,  or  both,  since 
pressure  may  stimulate  both,  and  although  in  eighteen  of  the  patients 
the  skin  was  ana-sthetic,  we  have  no  accurate  anatomical  or  physiological 
information  about  the  fibres  of  the  median  or  ulnar  distributed  to  sub- 
cutaneous tissues. 

Experiment  6. — Head  [5]  has  stated  that  "  localization  is  in  all 
probability  the  sum  of  two  sets  of  sensation,  one  of  which  arises  from 
deep,  the  other  from  cutaneous  stimulation."  The  foregoing  experiments 
are  in  perfect  agreement  with  this  contention,  but  it  is  difficult  to  decide 
whether  the  errors  in  localization  in  Experiment  5  were  due  to  the 
loss  of  cutaneous  sensation  only,  or  to  a  disturbance  of  the  deep  system 
in  addition.  The  power  of  localization  which  remains,  in  the  patients 
u.sed  in  Experiment  5,  must  be  entirely  dependent  upon  the  deep 
system,  but  for  the  anatomical  reasons  stated  in  an  earlier  section,  we 
cannot  claim  that  it  represents  the  normal  power  of  localization  served 
by  fibres  terminating  in  subcutaneous  tissues.  In  an  endeavour  to 
arrive  more  closely  at  a  correct  conception  of  the  part  played  by  the 
cutaneous  and  deep  systems,  several  preparations  were  applied  to  the 
unbroken   skin  in  an  attempt  to  obtain   an  uncomplicated  cutaneous 
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anaesthesia.  None  of  these  gave  a  satisfactory  anaesthesia,  until  on  the 
suggestion  of  my  colleague,  Professor  K.  B.  Wild,  a  10  per  cent, 
solution  of  cocaine  hydrochloride  in  chloroform  was  used.  With  this 
it  was  generally  found  practicable  to  get  an  almost  complete  cutaneous 
anaesthesia  of  a  small  area  in  about  ten  to  fifteen  minutes.  The 
solution  was  applied  to  the  dorsum  of  the  left  index  finger  in  three  of 
the  subjects  used  in  Experiment  8.  When  the  skin  was  found,  by 
testing  with  a  wisp  of  cotton  wool,  to  be  satisfactorily  anaesthetized  the 
examination  of  localization  was  made  by  eight  pressure  stimulations. 
At  a  later  date  the  normal  power  of  localization  of  the  same  part  was 
tested  by  eight  pressure  stimulations.  The  average  error  for  the  eight 
stimulations,  in  the  three  subjects  with  and  without  cutaneous 
anaesthesia,  are  shown  in  Table  VI. 

Table  VI. 

Normal  average  Average  error  with 

error  cutaneous  ansesthesia 

S.  L.  . .  -3  cm.  . .  -i  cm. 

A.  F.  CD.        ..  -2     „  ..  -2     „ 

S.J.  ..  -2     „  ..  -3     „ 

It  will  be  seen  that  in  the  three  subjects  the  power  of  localization 
was  almost  as  accurate  when  there  was  cutaneous  anaesthesia  as 
normally.  It  is  only  possible  to  anaesthetize  satisfactorily  a  small 
cutaneous  area  and  this  may  be  raised  as  a  criticism,  but  although  only 
the  dorsum  of  one  finger  was  examined  the  result  of  the  experiment 
strongly  favours  the  presumptions  that  ; — 

(1)  Accurate  localization  is  possible  through  the  deep  system  alone. 

(2)  Since  the  errors  in  localization  in  the  twenty  patients  examined 
in  Experiment  5  were  gross,  there  was  a  disturbance  of  localization 
through  the  deep  system  and  the  errors  were  not  dependent  upon  a  loss 
of  cutaneous   localization. 

In  several  of  the  patients  examined  in  Experiment  5  the  division  of 
the  nerve  occurred  at  the  wrist  or  in  the  lower  part  of  the  forearm,  and 
there  was  an  average  error  of  twice  the  normal.  Therefore  we  may 
suggest  with  some  confidence  that  accurate  localization  through  the 
deep  system  alone  is  disturbed  by  a  section  of  the  median  or  ulnar  at 
the  wrist. 

Y. — Pressure  Pain. 

To  investigate  deep  sensibility  further  it  was  necessary  to  test  that 
form  of  sensation  which  is  now  well  known  as  pressure  pain. 

For  this  purpose  an  algometer  was  made  for  me  similar  to  that  used 
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by  Rivers  [3].  From  some  preliminary  tests  with  the  instrument  it 
became  clear  that  certain  technical  difficulties  in  its  use  were  to  be 
overcome,  and  it  ap))eared  necessary  to  carry  out  at  the  outset  some 
experiments  upon  normal  individuals  in  order  to  establish  a  standard 
procedure  when  using  the  instrument  upon  patients. 

Experiment  1. — These  preliminary  tests  were  made  upon  six  normal 
individuals,  three  on  the  right  hand  and  three  on  the  left,  and  in  each 
the  pressure  was  applied  at  eight  selected  points  which  are  shown  in 
6g.  '2.     At  each  point  three  readings  were  taken,  and  it  was  soon  found 


Fig.  2, — To  show  the  position  of  the  eight  selected  points  used  in  Experiment  1 

(pressure  pain). 


that  the  second  and  third  readings  ought  not  to  be  taken  over  the  exact 
point  of  the  former,  since  repetition  of  pressure  over  the  same  spot 
resulted  in  pain  being  experienced  with  much  less  pressure  than  on 
the  previous  occasion.  Inequality  in  the  three  records  in  the  same 
neighbourhood  was  found  to  be  due  to  differences  in  the  rate  of 
application  of  the  pressure ;  it  was  therefore  necessary  to  apply  the 
pressure  evenly  and  slowly,  which  is  by  no  means  easy,  and  some  of  the 
greater  differences  in  the  three  readings  may  be  due  to  this  cause.  A 
third  cause  of  difficulty  was  due  to  the  personal  factor,  as  it  was  not 
always  possible  to  get  the  person  examined  to  indicate  at  once  the 
onset  of  the  painful  element  in  the  sensation  aroused  by  pressure.  In 
the  first  series,  several  informed  me  that  there  was  a  great  tendency  to 
compare  a  second  experience  of  pain  with  the  first,  which  tended  to 
disturb  their  judgment.  These  sources  of  fallacy  make  it  important, 
as  Head  as  already  stated,  to  take  at  least  three  readings  at  each 
point.  ^. 
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The  results  of  the  investigation  of  the  six  normal  individuals  are 
given  in  the  Table  VII,  which  shows  all  the  three  readings  at  each  of 
the  eight  points. 


Table  VII.— To  show  the  Amount  of  Pressure  required  to  induce  Pain,  at  Eight 
Selected  Points  on  the  Hand  and  Digits,  in  Six  Normal  Individuals. 


A 

B 

C 

D 

E 

K 

G 

H 

(  2-50 

3-25 

1-50 

1-25 

3-00 

2^50 

•  1 

00 

•75 

s. 

J. 

-:  2-75 
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l-2o 

1-25 
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2-50 

75 

•75 
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1-25 
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2-50 

1 

25 
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2-00 

50 

•25 
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1-25 

■50 

1-00 
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•25 
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1-75 
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■75 
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•25 
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2 
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R. 
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2 

25 
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1-75 
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1-25 

1 
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■75 
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•25 
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2 
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2^75 

2 

00 
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The  results  of  this  experiment  brought  out  the  following  infor- 
mation : — 

(1)  Greater  pressure  was  usually  required  to  produce  pain  in  the 
thenar  and  hypothenar  regions  than  at  the  other  points  tested. 

(2)  Less  pressure  was  required  at  the  base  of  the  clefts  between 
the  fingers  than  over  the  palmar  surface  of  the  proximal  segment  of 
the  digits.  This  is  presumably  due  to  the  exposed  position  of  the 
digital  nerves  as  they  divide  in  the  region  of  the  clefts  into  branches 
for  the  adjacent  sides  of  the  neighbouring  fingers. 

(3)  With  a  single  exception,  less  pressure  was  needed  to  induce  pain 
over  the  palmar  surface  of  the  distal  segment  of  a  digit  than  over  its 
proximal  segment. 

Exjjeriment  2. — With  the  knowledge  and  experience  gained  from 
this  preliminary  investigation  of  pressure  pain,  the  test  was  applied  to 
a  number  of  patients  suffering  from  division  of  the  median  or  ulnar 
nerves.  To  simplify  the  presentation  of  the  results  of  this  experiment 
only  the  average  of  the  three  readings  at  each  point  is  recorded,  and 
for  ease  of  comparison  the  results  of  five  typical  tests  are  represented 
in  a  diagrammatic  form  (figs.  3,  4  and  5).  As  in  the  former  experiment 
the  pressure  required  to  induce  pain  is  recorded  in  kilogrammes. 
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Fig.   3,  a.— Division  of  median  nerve  in  arm. 


4-2 


Fig.  3,  b. — Division  of  median  and  ulnar  nerves  in  arm. 

Crosses  =  analgesia  to  prick  of  pin. 

Thick  line  =  anoesthesia  to  lightest  applications  of  fine  brush. 

Shading  =  complete  sensory  loss. 


2.0— 


Fig.  i. — Division  of  ulnar  nerve  in  upper  forearm. 

Crosses  =  analgesia  to  prick  of  pin. 

Thick  line  =  anaesthesia  to  lightest  applications  of  fine  brush. 
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Fig.   5,  a. — Division  of  ulnar  nei-ve  in  lower  forearm. 
Thicli  line  indicates  anaesthesia  to  lightest  applications  of  fine  brush. 


Fig.  5,  b. —  Division  of  median  nerve  in  arm. 
Thick  line  indicates  ansesthesia  to  lightest  applications  of  fine  brush. 


By  these  experiments  it  was  found  : — 

(1)  That  it  was  distinctly  easier  to  test  pressure  pain  on  the  abnormal 
than  on  the  sound  side.  This  was  due  to  the  fact  that  when  testing 
over  an  area  where  epicritic  sensibihty  was  lost,  the  patients  could  more 
readily  recognize  the  onset  of  the  painful  element  since  it  commenced 
abruptly  and  rapidly  became  intensely  painful.  Several  patients  told 
me  that  they  had  no  doubt  on  the  affected  side,  whereas  on  the  sound 
side  they  were  often  in  difficulty  as  to  when  the  pressure  became 
actually  painful.  As  Head  found,  several  expressed  fear  at  the  applica- 
tion   of    pressure   on    the   affected  side,    and    this,    together    with    the 


Brain — vol.  xlv. 
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experience  that  on  this  side  the  pain  quickly  became  intense,  may 
have  caused  in  some  of  the  tests  an  abnormally  low  reading  on  the 
affected  side. 

(2)  In  those  patients  where  the  division  of  the  nerve  was  in  the 
distal  part  of  the  limb  and  there  was  no  absolute  sensory  loss,  the 
readings  on  the  affected  side  tended  to  be  definitely  lower  than  on  the 
sound  side. 

(3)  In  some  patients  with  division  of  the  median  in  the  middle  of 
the  forearm,  i.e.,  proximal  to  the  supply  of  that  portion  of  the  flexor 
sublimis  digitorum  which  flexes  the  index  finger  and  distal  to  the  origin 
of  the  anterior  interosseous  nerve  and  branches  for  the  supply  of  the 
main  flexor  mass,  considerably  more  pressure  was  required  on  the  index 
on  the  affected  than  on  the  sound  side.  These  results  pointed  to  a  disturb- 
ance, but  not  complete  loss,  of  this  form  of  sensation  in  the  index  after 
division  of  the  median  proximal  to  the  origin  of  the  most  distal  branch 
to  the  flexor  sublimis  digitorum,  and  indicated  that  some  fibres  for  this 
form  of  sensation  in  the  index  were  transmitted  by  this  muscular  branch, 
and  probably  extended  to  the  digit  along  the  tendon.  Similarly,  after 
division  of  the  ulnar  in  the  upper  part  of  the  forearm,  although  the 
inner  part  of  the  flexor  profundus  digitorum  was  capable  of  voluntary 
action,  higher  readings  were  sometimes  found  on  the  little  finger  on  the 
affected  side  than  on  the  sound  side.  It  is  not  so  easy  to  give  an 
anatomical  reason  for  this  occurrence,  which  is  found  only  in  a  propor- 
tion of  cases  of  division  of  the  ulnar  in  the  forearm  and  is  nothing  like 
so  constant  as  the  similar  condition  just  described  in  the  case  of  the 
median,  but  it  may  be  due  to  the  occasional  appearance  of  an  extra  branch 
to  the  flexor  profundus  digitorum  in  the  lower  part  of  the  forearm. 

The  associated  demonstrable  disturbance  of  the  appreciation  of 
contact  in  these  cases  will  be  referred  to  in  the  next  section. 

(4)  In  the  patients  examined  during  recovery,  when  there  was  a 
complete  return  of  protopathic  sensibility  (fig.  5),  the  readings  at  all 
points  on  the  affected  side  were  lower  than  on  the  normal  side.  This 
was  found  even  over  digits  that  at  the  outset  had  exhibited  an  absolute 
sensory  loss,  or  which  originally  had  given  a  higher  reading.  These 
results  indicate  that  the  recognition  of  pressure  pain  returns  at  an  early 
stage  in  recovery,  at  the  same  time  as  protopathic  sensibility.  It  is 
also  significant  that  in  cases  of  only  partial  recovery  of  sensation  pres- 
sure pain  like  protopathic  sensibility  is  one  of  the  most  constant  to 
manifest  some  improvement. 


I 


A    NEW    CONCEPTION    OF    THE    ELEMENTS    OF    SENSATION  407 

VI. — Recognition  of  the  '•Contact"  of  Tactile  Pressuue. 

In  routine  examinations  of  patients  suffering  from  injury  to,  or 
disease  of,  the  peripheral  nerves,  this  aspect  of  deep  sensibility  is 
usually  the  only  one  tested.  Consequently  if  the  patient  appreciates 
everywhere  the  contact  of  some  instrument,  as  the  head  of  a  pin,  "  no 
loss  of  deep  sensibilit}'  "  is  generally  recorded  in  the  notes.  It  does 
not  seem  to  have  been  realized  previously  that  the  various  forms  of 
sensation  grouped  together  as  deep  sensibility  may  be  dissociated,  and 
this,  together  with  the  widespread  belief  that  deep  sensibility  is  practi- 
cally entirely  transmitted  by  afferent  fibres  which  run  with  motor 
nerves  and  reach  their  termination  by  accompanying  such  structures  as 
long  tendons,  has  been  responsible  for  the  confidence  with  which 
observers  have  been  content  to  investigate  simply  the  recognition  of 
contact  as  the  standard  test  for  deep  sensibility. 

As  is  to  be  expected  this  form  of  deep  sensibility  is  only  appreciably 
affected  in  lesions  in  the  proximal  part  of  the  limb,  i.e.,  above  the  origin 
of  the  supply  of  branches  to  the  long  flexors  of  the  digits.  There  is  no 
doubt  that  mere  recognition  of  contact  is  chiefly  transmitted  by  afferent 
fibres  which  run  in  the  branches  to  the  long  flexor  muscles  of  the  digits. 
In  this  respect  it  is  instructive  to  refer  to  the  fairly  constant  occurrence 
of  complete  anaesthesia  of  the  distal  part,  and  sometimes  the  whole  of 
the  palmar  surface  of  the  index  finger  after  complete  division  of  the 
median  in  the  middle  third  of  the  forearm,  although  the  division  occurs 
distal  to  the  origin  of  the  main  branches  supplying  the  flexor  sublimis 
digitorum  and  the  anterior  interosseous  nerve.  This  is  apparently  due 
to  the  origin  from  the  median  trunk  in  the  lower  third  of  the  forearm 
of  a  branch  which  supplies  that  portion  of  the  flexor  sublimis  digitorum 
which  flexes  the  proximal  interphalangeal  joint  of  the  index  finger. 
From  a  study  of  the  number  of  patients  with  division  of  the  median  in 
the  upper  part  of  the  forearm,  where  the  precise  anatomical  level  with 
regard  to  the  origin  of  branches  had  been  defined  at  operation,  I  am 
inclined  to  the  view  that  a  greater  proportion  of  afferent  fibres  pass  in 
the  branches  to  the  flexor  sublimis  digitorum  than  to  the  flexor 
profundus  digitorum. 

From  personal  observations  it  seems  to  be  almost  a  rule  that  if  any 
power  to  appreciate  contact  is  retained  in  a  part  there  is  always  in  the 
same  region  some  retention  of  the  power  to  recognize  pressure  pain, 
although  the  amount  of  pressure  required  to  induce  pain  may  be  very 
much  greater  than  in  the  same  region  on  the  sound  side.      This  latter 
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point  is  well  illustrated  by  the  following  record,  which  also  supports  the 
previous  contention  that  more  afferent  fibres  are  transmitted  by  the 
tendons  of  the  flexor  sublimis  digitorum  than  those  of  the  flexor 
profundus   digitorum. 

Patient,  J.  C.  Complete  division  of  the  ulnar  was  found  in  the  upper  part 
of  the  forearm,  just  distal  to  the  origin  of  branches  for  the  supply  of  the  flexor 
carpi  ulnaris  and  inner  half  of  the  flexor  profundus  digitorum,  which  muscles 
l)0ssessed  voluntary  power.  The  loss  of  epicritic  and  protopathic  sensibility 
corresponded  to  the  full  typical  normal  distribution.  It  was  impossible  to 
measure  the  error  in  the  localization  of  tactile  pressure  over  the  little  finger, 
as  the  best  response  to  any  stimulation  he  gave  was  "  somewhere  on  my  little 
finger,''  and  he  was  quite  unable  to  attempt  to  chart  any  of  the  stimulations 
in  this  region,  although  he  invariably  recognized  that  a  contact  had  been  made, 
provided  suflicient  pressure  was  used.  The  average  of  the  three  readings  with 
the  algometer  on  the  two  sides  at  four  points  may  be  conveniently  tabulated  for 
comparison. 

Hypothenar  region  .. 

Between  heads  of  4th  and  5th  metacarpal  bones 

Over  proximal  phalanx  of  little  finger 

Over  distal  phalanx  of  little  finger 

It  will  be  noticed  that  in  the  first  two  regions  the  reading  was  slightly 
lower  on  the  aff"ected  side,  whilst  in  the  case  of  the  two  tests  on  the  little 
finger  the  reading  was  markedly  higher  on  the  affected  side,  being  more  than 
three  times  greater  on  the  distal  phalanx. 

Two  other  patients  in  whom  similar  results  were  found  have  been 
encountered.  I  have  never  seen  "  contact  "  and  "  pressure  pain  "  com- 
pletely dissociated.  On  the  other  hand  these  two  forms  of  deep 
sensibility  may  be  retained  in  a  part  without  any  power  of  localization 
being  present,  as  in  the  little  finger  of  the  patient  just  referred  to. 

After  division  of  the  ulnar  nerve  at  any  point  proximal  to  the  origin 
of  the  branches  for  the  supply  of  the  flexor  profundus  digitorum,  the 
area  in  which  complete  anaesthesia  to  all  stinmli  is  found  is  very 
constant  in  extent  and  affects  the  little  finger  and  the  inner  border  of 
the  hypothenar  region  as  shown  in  fig.  6.  After  division  of  the  median 
above  the  level  of  the  branches  supplying  the  long  flexor  muscles,  the 
area  of  complete  anaesthesia  is  by  no  means  so  constant.  In  sixteen 
cases  of  known  complete  division  of  the  median,  at  or  proximal  to  the 
level  of  the  elbow  joint,  there  was  complete  anaesthesia  only  of  the 
index  and  a  small  neighbouring  portion  of  the  palm  (fig.  7,  a)  in  six  ; 
of  the  index   and  medius  and  a    larger   portion  of   the  palm   in  five 


A    NEW    CONCEPTION    OF    THE    ELEMENTS    OF    SENSATION 


409 


(fig.  7,  r.)  ;  and  the  index,  medius  and  palmar  surface  of  thumb  together 
with  a  still  larger  extent  of  the  palm  in  five  (fig.  7,  c).  The  infrequency 
(only  five  out  of  sixteen)  of  complete  anaesthesia  of  the  palmar  surface 
of  the  thumb  was  rather  surprising,  but  the  foregoing  results  were 
confirmed  by  the  examination  of    a  group  of    patients  suffering  from 


Fig.  6. — To  show  the  typical  extent  of  absolute  sensory  loss  after  division  of  the 
ulnar  nerve  in  the  arm. 


Fig.  7. — To  show  the  variation  in  extent  of  the  absolute  sensory  loss  after  division 
of  the  median  nerve  in  the  arm. 


division  of  both  the  median  and  the  ulnar  nerves  in  the  upper  arm,  in 
whom  contact  (if  sufficient  pressure  was  made)  was  recognized  over  the 
palmar  surface  of  thumb  in  an  even  higher  proportion.  Consequently 
it  must  be  surmised  that  the  radial  nerve,  and  possibly  in  a  small 
number  the  musculo-cutaneous,  by  means  of  perforating  branches,  takes 
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part  in  the  innervation  of  the  deeper  tissues  of  the  palm  and  the  pahiiar 
surface  of  the  thumb. 

VII.-  -Summary  and  Conclusions. 

In  each  section  the  main  conclusions  which  may  be  drawn  from  the 
experiments  and  investigations  are  presented ;  it  now  only  remains 
necessary  to  restate  the  principal  conckisions  bearing  upon  our  present 
conception  of  sensation,  and  these  may  be  conveniently  summarized  in 
three  divisions. 

(1)  It  seems  clear  that  no  nerve  of  sufficient  size  to  be  of  clinical 
importance,  or  to  be  selected  for  experimental  work  upon  sensation,  is 
distributed  exclusively  to  skin.  Conse(]uently  after  section  of  any  of 
the  nerve  trunks,  even  in  the  distal  part  of  a  limb,  there  is  bound  to  be 
some  disturbance  of  so-called  deep  sensibility,  and  it  seems  quite  im- 
practicable to  divide  sensation  into  superficial  and  deep.  Besides  this 
anatomical  criticism  of  such  a  division  there  is  to  be  remembered  the 
additional  confusion  which  may  arise  from  the  knowledge  that  one 
form  of  sensation  at  least  is  transmitted  by  both  cutaneous  and  deep 
nerves.  It  has  been  proved  that  so-called  deep  sensibility  is  not 
transmitted  entirely  by  nerve  fibres  which  accompany  muscular 
branches,  since  the  sensory  supply  of  the  joints  of  the  fingers  and 
thumb  undoubtedly  arises  from  the  digital  nerves,  and  it  seems  probable 
that  other  forms  of  deep  sensibility  are  in  part,  at  least,  transmitted  by 
branches  arising  independently  from  the  main  nerve. 

(2)  The  various  forms  of  sensation  included  under  the  division  of 
deep  sensibility  may  be  dissociated.  After  division  of  the  median  at  the 
wrist  there  is  found  a  loss  of  the  recognition  of  passive  movements  at 
the  metacarpo-phalangeal  and  interphalangeal  joints  of  the  digits 
supplied  by  the  nerve  :  some  power  of  localization  is  retained  over  the 
region  of  the  cutaneous  distribution  of  the  nerve,  although  by  means  of 
a  measurable  test  a  gross  error  is  seen  on  comparing  the  results  with 
those  obtained  on  the  normal  part  ;  the  least  pressure  is  readily 
recognized  everywhere,  and  the  readings  with  an  algometer  show  that 
rather  less  pressure  is  required  to  induce  pain  on  the  affected  than  on 
the  sound  side.  If  division  of  the  median  occurs  proximal  to  the  supply 
of  the  outer  part  of  the  flexor  sublimis  digitorum  in  the  lower  third 
of  the  forearm,  in  addition  to  the  defects  just  recorded  there  is 
usually  a  complete  sensory  loss  to  all  forms  of  stimulation  over  the 
distal  two  segments,  or  the   whole   of  the  index   finger.     In  a    small 
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proportion  after  section  of  the  median  at  this  level  the  loss  of  sensation 
in  the  index  finger  is  less  profound.  Although  in  these  there  is  no  power 
to  localize,  the  contact  of  pressure  can  be  recognized  and  pain  can  be 
induced  by  excessive  pressure,  but  on  investigating  the  two  latter  forms 
of  sensation  more  fully  it  is  discovered  that  more  pressure  is  required  to 
induce  the  sensation  of  contact  over  the  index  than  the  medius  and  the 
reading  with  the  algometer  is  considerably  higher  than  on  the  sound 
index.  The  condition  of  what  we  know  as  deep  sensibility  in  the  index 
is,  in  such  cases,  in  a  most  interesting  stage  and  may  be  summarized  as 
follows  : — 

(i)   Loss  of  sense  of  position  and  recognition  of  passive  move- 
ment in  all  joints  of  this  finger. 

(ii)  Absolute  loss  of  localization. 

(iii)  Retention  of  recognition  of  contact  and  pressure  pain,  but 

on  the  application  of  measurable  tests  it  is  found  that  these  forms 

of  sensation  are  grossly  affected. 

Little  reference  need  be  made  to  the  effect  upon  deep  sensibility 

of  a  lesion  at  a  higher  level,  in  the  region  of  the  elbow  or  in  the  arm, 

since,  except  with  regard  to  localization  which  has  already  been  fully 

discussed,  the  condition  is  well    known  :    reference   is    only   necessary 

to  the  fact  that  the  extent  of  the  absolute  sensory  loss  to   all  stimuli 

is  variable. 

(3)  Observations  upon  the  recovery  of  deep  sensibility  demon- 
strate several  striking  and  significant  features.  Reappearance  of  the 
recognition  of  contact  and  appreciation  of  pain  on  the  application  of 
excessive  pressure  occurs  early,  as  a  rule  during  the  stage  of  proto- 
pathic  recovery.  At  first  considerable  pressure  is  required  before  it  is 
appreciated,  but  the  recovery  of  contact  without  concomitant  recovery 
of  pressure  pain  has  never  been  encountered,  although  the  extremely 
high  reading  with  the  algometer  in  two  patients  examined  suggest 
that  this  is  possible,  and  there  does  not  appear  to  be  any  obvious 
reason  why  these  two  forms  should  not  be  dissociated.  As  regenera- 
tion proceeds  less  pressure  is  found  to  be  required  at  subsequent 
examinations.  As  the  recognition  of  contact  and  pressure  pain 
improve  there  is  usually  a  return  of  some  power  of  localization,  but 
it  is  very  grossly  defective,  the  error  being  much  greater  in  regions 
where  there  has  previously  been  an  absolute  sensory  loss  than  else- 
where. Further  improvement  in  localization  and  signs  of  recognition 
of  passive  movement  of  joints  occurs  very  late,  and  not  until  there  is 
evidence  of  recovery  of  epicritic  sensibility.     Most  of  my  studies  have 
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been  upon  patients  who  have  had  a  secondary  suture  of  the  median 
or  ulnar  nerve,  and  under  these  circumstances  any  recovery  of 
accurate  locahzation  or  recognition  of  passive  movements  of  joints  is 
at  the  best  very  defective  and  frequently  remains  absent.  After 
primary  suture  there  is  a  better  opportunity  for  studying  the  later 
phases  of  recovery.  It  seems  very  significant  that  recovery  of  recogni- 
tion of  contact  and  appreciation  of  pressure  pain,  followed  often  by  a 
gross  and  defective  return  of  the  power  of  localization,  occur  early 
during  the  stage  of  reappearance  of  protopathic  sensibility,  whilst 
accurate  localization  and  recognition  of  passive  movement  only  appear 
late,  at  a  time  when  there  is  also  evidence  of  epicritic  return  as  tested 
by  graduated  hairs  and  the  compass.  That  is  to  say  the  three  forms  of 
sensation  concerned  with  spacial  recognition — accurate  localization, 
discrimination  and  recognition  of  passive  movement — only  recover  at  a 
very  late  stage,  and  even  after  primary  suture  are  apt  to  remain 
defective. 

These  observations  upon  the  recovery  of  certain  forms  of  sensation 
after  suture  of  a  peripheral  nerve  suggest  two  important  facts. 

(a)  What  we  have  regarded  as  deep  sensibility  ought  to  have  been 
subdivided,  just  as  cutaneous  sensation  has  been  divided,  into  epicritic 
and  protopathic.  There  is  no  doubt  that  the  two  forms  of  sensation, 
recognition  of  the  contact  of  pressure  and  appreciation  of  passive  move- 
ment, must  be  subserved  by  nerve  fibres  terminating  in  the  deep  tissues  ; 
the  former  of  these  returns  early  at  a  time  when  protopathic  sensibility 
is  recovering,  whilst  the  latter  returns  at  a  late  stage,  if  at  all,  during 
the  time  of  epicritic  recovery.  The  mere  recognition  of  the  contact  of 
pressure  is  a  crude  form  of  sensation  compared  with  the  more  highly 
graded  appreciation  of  the  direction,  localization  and  range  of  passive 
movement  of  a  joint. 

(b)  In  the  hght  of  Head's  recent  work  upon  the  sensory  cortex  [2] , 
these  results  suggest  that  at  the  periphery,  both  in  cutaneous  and  deep 
tissues,  we  have  cortical  and  thalamic  aspects  of  sensation.  The  dis- 
sociation which  is  encountered  after  the  division  of  any  large  nerve 
trunk  makes  it  exceedingly  difficult  to  unravel  the  fundamental  principles 
upon  which  sensation  at  the  periphery  is  based,  but  when  we  get  an 
accurate  conception  of  the  anatomical  distribution,  and  in  the  light  of 
this  knowledge  analyse  the  results  of  careful  clinical  examinations  of  a 
number  of  patients  suffering  from  division  of  a  peripheral  nerve,  the 
curious  forms  of  dissociation  become  more  intelligible.  Continued 
examinations  of  the    same  patients  during  recovery  seem  to  bring  us 
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still  nearer  to  a  knowledge  of  the  true  state  of  affairs.  It  has  just  been 
stated  that  certain  forms  of  deep  sensibility  constantly  recover  during 
the  early  stage  when  the  area  of  protopathic  loss  is  found  to  be  receding, 
whilst  other  forms  do  not  show  any  recovery  until  a  late  stage  when 
there  is  clinical  evidence  of  a  return  of  epicritic  sensibility.  In  the 
examinations  of  a  very  large  number  of  patients  I  have  found  this  to  be 
an  invariable  rule. 

It  appears  to  have  been  generally  believed  that  the  earlier  return  of 
protopathic  sensibility  is  dependent  upon  a  more  rapid  rate  of  regenera- 
tion in  protopathic  than  epicritic  fibres.  Such  an  explanation  supposes 
some  structural  difference  in  the  two  systems,  and  Eanson  [4] ,  on 
histological  and  experimental  evidence,  made  the  suggestion  that 
impulses  giving  rise  to  pain  travel  in  non-medullated  fibres ;  but  more 
recent  work  by  Adrian  [1]  shows  that  it  is  highly  improbable  that 
there  is  any  definite  structural  difference  in  the  fibres  concerned  with 
protopathic  and  epicritic  sensation.  A  simpler  explanation  is  suggested 
when  we  take  into  consideration  all  the  forms  of  sensation  which  return 
during  the  later  stage  of  recovery.  The  forms  appearing  late,  which 
more  frequently  show  imperfect  recovery,  or  in  quite  a  proportion  of 
cases  of  secondary  suture  fail  to  recover,  are  those  which  Head  has 
proved  to  have  cortical  representation ;  whilst  the  forms  which  exhibit 
early  and  more  constant  recovery  are  those  which  may  be  expected  to 
persist  after  destruction  of  the  sensory  cortex.  Therefore  it  seems 
more  reasonable  to  expect  to  find  an  explanation  of  the  two  stages  of 
recovery  in  the  central  nervous  system,  rather  than  to  find  it  due  to  a 
different  rate  of  regeneration  of  two  sets  of  fibres  which  anatomically 
appear  to  be  identical.  After  suture  and  regeneration  of  a  peripheral 
nerve  a  much  longer  period  may  be  expected  to  elapse  before  the  fibres 
subserving  cortical  forms  of  sensation  function  correctly,  than  in  the 
case  of  the  fibres  conducting  the  thalamic  aspects  of  sensation ;  since  a 
very  much  more  complex  readjustment  and  re-education  must  occur 
after  regeneration  of  the  fibres  in  the  former  case  than  in  the  latter. 
Furthermore,  on  the  hypothesis  suggested  in  this  paragraph,  we  seem  to 
have  ample  reasons  for  the  more  constant  and  perfect  recovery  of  such 
aspects  of  sensation,  as  cutaneous  pain,  pressure  pain  and  appreciation 
of  extremes  of  temperature,  than  for  the  higher  forms,  as  those  con- 
cerned with  spacial  recognition. 

(The  expenses  of  this  research  have  been  borne  in  part  by  a  grant 
from  the  Koyal  Society.) 
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BY  WILPRKD    HARRIS,   M.D.,  F.R.C.P. 

rJiysicinn  to  S(.  Mai-i/'s  Hospital,  and  to  the  Hospital  for  Epilepsy  and  Paralysis, 

Maida   Vale. 

Recognition  of  multiple  or  peripheral  neuritis  as  a  clinical  and 
pathological  entity  dates  from  the  publications  of  Dumenil  in  1864  [lOj 
and  especially  of  Leyden  in  1880  [24] .  Since  that  time  a  host  of 
observers  have  studied  the  disease,  so  that  the  varieties  of  the  commoner 
forms,  the  alcoholic,  lead,  arsenical  and  diphtheritic  paralyses,  are  well 
known.  It  is  not  my  intention  to  dwell  on  those  forms  the  etiology 
of  which  is  clear  and  unmistakable,  but  rather  on  the  numerous 
lesser  known  types,  the  origin  of  many  of  which  is  quite  obscure. 

Multiple  neuritis  in  our  present  state  of  knowledge  is  best  classified 
on  an  etiological  basis,  rather  than  on  pathological  distinctions  or 
clinical  differences,  and  four  main  groups  may  be  separated  : — 

(1)  Those  dependent  on  the  absorption  of  poisons  introduced  into 
the  body. 

(2)  Those  due  to  autotoxsemia,  or  to  poisons  developed  primarily 
within  the  body. 

(3)  Those  due  to  infections  of  an  organismal  nature. 

(4)  Those  occurring  in  cachectic  states. 

The  first  group  may  usefully  be  divided  into  two  sub-groups,  those 
due  to  metallic  poisoning,  and  those  due  to  poisoning  by  various  carbon 
compounds. 

The  term  toxic  polyneuritis  has  been  much  used,  but,  as  probably 
all  polyneuritis  is  dependent  on  some  toxin,  its  employment  seems 
most  appropriate  for  those  cases  in  which  the  infective  agent  or  the 
source  of  poisoning  is  not  clearly  established.  Before  dealing  with 
these  a  few  examples  of  rarer  forms  from  the  different  groups  may  be 
referred  to. 

Silver  is  a  very  rare  and  probably  doubtful  cause  of  polyneuritis,  the 

'  Presidential  address  delivered  before  the  Neurological  Section  of  tbe  Royal  Society  of 
Medicine,  October  12,  192'2. 
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only  case  in  the  literature  appearing  to  be  that  described  by  Gowers  [13]  , 
of  a  man  of  44  who  took  a  dinner  pill  containing  silver  for  about  twelve 
years,  averaging  six  pills  a  month.  After  eleven  years  cyanosis  com- 
menced to  develop,  and  a  year  later  wrist-drop,  though  as  carcinoma 
of  the  liver  declared  itself  some  three  iDonths  later,  it  is  possible  that 
the  polyneuritis  was  to  be  accounted  for  by  the  toxaemia  from  the 
malignant  disease. 

Carbon  bisulphide  is  a  sufficiently  uncommon  cause  of  polyneuritis 
to  justify  a  short  description  of  a  case  I  have  had  recently  under 
treatment. 

A  boy,  aged  15,  worked  at  a  boot  factory  at  solutioning  on  rul)ber  soles. 
He  worked  iu  a  shed,  which  was  afterwards  described  by  the  inspector  as  very 
badly  ventilated,  using  for  the  i)urpose  of  fastening  on  the  rubber  soles  a  rubber 
solution  containing  carbon  bisulphide.  He  worked  from  8  a.m.  to  6  p.m.,  and 
began  to  feel  unwell  in  Julv,  1921,  when  he  commenced  to  suffer  from  headaches 
almost  every  night  towards  the  end  of  his  work.  The  headaches  were  acconi- 
l)anied  by  vertigo,  but  had  disappeared  by  the  following  morning.  He  informed 
me  that  previous  workers  at  the  same  job  had  had  to  give  it  up  on  account  of 
similar  headaches  and  giddiness.  He,  however,  stuck  to  his  work,  and  in 
January  of  this  year  his  right  leg  began  to  feel  weak  and  to  give  way  when 
walking  towards  the  end  of  the  day.  This  improved,  and  then  tlie  right  liancl 
grew  weak  and  lost  the  power  of  gripi)ing  ;  this  also  improved  and  the  left  hand 
became  similarly  affected.  The  headaches  ceased  in  January  just  before  the 
legs  began  to  be  affected.  There  was  never  at  any  time  pain  or  numbness, 
or  objective  or  subjective  sensory  symptoms.  By  the  beginning  of  April 
he  began  to  develop  weakness  of  the  doi'siflexors  of  both  feet,  being  unable  to 
raise  the  toes  off  the  ground  when  standing,  though  the  gastrocnemii  were 
strong.  Soon  also  bilateral  weakness  of  the  extensors  of  the  fingers  and  wrists 
appeared,  especially  of  the  I'ight  extensor  carpi  ulnaris.  Marked  weakness  and 
wasting  of  the  right  first  dorsal  interosseus  and  thenar  muscles  was  also  seen. 
To  electrical  testing  there  was  well-marked  reaction  of  degeneration  in  the 
extensors  in  both  forearms,  in  the  right  first  dorsal  interosseus  and  in  the 
tibialis  anticus  on  each  side.  The  knee-jerks  were  normal  throughout,  but  tlie 
right  Achilles  jerk  was  absent,  and  the  left  only  just  obtainable  with  reinforce- 
ment. Treated  with  strychnine  injections  and  massage  he  soon  showed  slight 
improvement,  and  after  four  months  had  practically  recovered. 

Carbon  monoxide  polyneuritis  I  have  never  met  with,  but  it  is  said 
that  a  single  severe  dose  of  poisoning  with  this  agent  may  be  followed 
by  neuritis,  a  very  unusual  feature  in  polyneuritis,  which  is  usually  the 
sequel  of  a  more  sustained  or  chronic  poisoning.  Care  must,  however, 
be  taken  in  cases  of  carbon  monoxide  poisoning  not  to  mistake  pressure 
neuritis  of  the  mu.sculo-spiral,  external  popliteal  or  other  nerve  trunks 
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for  toxaemic  neuritis,  pressure  palsies  being  especially  liable  to  occur  in 
persons  rendered  unconscious  by  coal  gas  poisoning  or  by  explosions 
in  coal  pits,  through  lying  on  a  hard  surface  in  one  position  for  many 
hours. 

Rheumatic  pohj  neurit  is. — Acute  rheumatism  or  rheumatic  fever  is 
rarely  if  ever  followed  by  polyneuritis,  yet  local  ])erineuritis  and  fibro- 
sitis,  as  seen  in  brachial  neuritis  and  sciatica,  are  common  sequelae  of 
chill  and  exposure,  though  other  causes  frequently  contribute,  such  as 
dental  or  intestinal  sepsis. 

Chloretone  has  been  given  extensively  in  children  for  chorea,  and 
has  been  observed  to  produce  a  condition  of  flaccid  paralysis,  with 
absent  deep  reflexes,  but  the  recovery  on  cessation  of  the  drug  is 
usually  much  more  rapid  than  is  usually  met  with  in  other  forms  of 
polyneuritis. 

Local  asymmetrical  neuritis  of  definite  nerve  trunks  rather  than  a 
symmetrical  polyneuritis,  is  also  a  feature  of  typhoid  and  paratyphoid 
infections.  Thus,  a  man  of  29  with  paratyphoid,  a  week  after  admis- 
sion to  hospital  developed  severe  pains  in  the  upper  arms  and  shoulders, 
which  kept  him  awake,  followed  by  marked  paresis  of  the  right  serratus, 
latissimus,  triceps,  and  extensors  of  the  right  fingers  and  thumb,  and 
of  the  left  deltoid. 

Another  case  of  asymmetrical  severe  neuritis  of  the  right  median, 
ulnar  and  musculo-spiral  nerves  occurred  in  a  man  aged  27,  as  the 
sequel  of  a  febrile  attack  of  uncertain  origin  with  tonsillitis,  followed 
by  acute  nephritis.  There  was  never  any  peeling  of  the  skin  to  suggest 
scarlet  fever,  and  bacteriological  examinations  for  diphtheria,  enteric 
and  paratyphoid  were  negative.  Possibly  the  infection  was  rheumatic, 
as  nephritis  is  one  of  the  rarer  complications  of  this  disease.  After  two 
weeks  he  had  severe  pains  in  the  right  arm  from  the  shoulder  to  the 
hand,  completely  losing  the  use  of  the  arm,  and  anaesthesia  of  the 
hand  up  to  the  wrist.  The  hand  became  very  clawed  and  atrophic, 
and  the  finger  pads  and  skin  wasted,  but  practically  complete 
recovery  took  place  in  two  years.  These  asymmetrical  forms  of  toxic 
neuritis  are  generally  painful,  perhaps  owing  to  the  inflammatory  nature 
of  the  lesions  afi'ecting  the  interstitial  tissue  of  the  nerves,  whereas  in 
the  symmetrical  polyneuritis  without  sensory  phenomena  the  lesion 
is  probably  purely  a  parenchymatous  degeneration  of  the  nerve  elements 
themselves. 

Asymmetrical  neuritis  of  toxic  origin  may  occasionally  be  met  with 
in  chronic  alcoholism  and  diabetes.     Musculo-spiral   paralysis  I    have 
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many  times  seen  occur  in  chronic  alcoholism,  when  the  element  of 
pressure  could  apparently  be  excluded  as  a  cause.  In  none  of  these 
cases  of  musculo-spiral  palsy  was  pain  a  feature  of  the  case,  but  in  the 
sciatic  and  external  popliteal  paralyses  met  with  in  diabetes  severe 
pain  may  be  a  prominent  feature,  preceding  and  accompanying  the 
paralysis.  It  is  difficult  to  understand  how  a  local  asymmetrical 
neuritis  can  be  set  up  by  the  action  of  a  circulating  toxin,  which  should 
presumably  act  equally  and  symmetrically  on  both  sides.  The  fact  that 
certain  whole  nerve-trunk  areas  are  liable  to  be  affected  in  the 
asymmetrical  forms  is  suggestive  of  a  local  interstitial  neuritis  being 
present  rather  than  a  degenerative  parenchymatous  neuritis,  and  this  is 
further  supported  in  my  opinion  by  the  fact  that  these  asymmetrical 
forms  are  usually  intensely  painful.  It  is  possible  therefore,  if  not 
indeed  probable,  that  the  circulating  toxin  is  not  the  direct  factor  in  the 
development  of  the  neuritis,  but  that  it  has  led  to  the  local  appearance 
of  an  inflammatory  interstitial  neuritis,  such  as  may  result  from  chill 
and  other  so-called  rheumatic  processes. 

The  actual  nature  of  the  circulating  toxin  in  such  apparently  simple 
cases  as  alcoholic  or  diabetic  multiple  neuritis  is  obscure.  In  all 
probability  it  is  not  alcohol  itself  or  derivative  ethers  circulating  in 
the  blood  that  sets  up  alcoholic  neuritis,  or  this  disease  would  surely  be 
commoner  than  it  is,  but  rather  a  secondary  auto-toxaemia  produced 
by  the  action  of  the  chronic  alcoholism  upon  the  tissues,  notably  on 
the  digestive  tract  and  the  liver.  Similarly  in  diabetes  it  can  scarcely 
be  the  direct  action  of  hyperglycsemia  on  the  nervous  structures  that 
sets  up  local  or  multiple  neuritis,  nor  is  it  due  to  acetone  or  diacetic 
acid,  as  both  of  these  substances  may  be  absent  in  cases  of  diabetic 
neuritis.  Probably  the  neurotoxin  in  diabetes  is  of  the  autotoxaemic 
deficiency  type,  as  will  be  referred  to  later. 

TJie  pobjneuritic  psychosis  described  by  Korsakow  [22]  as  common 
in  chronic  alcoholism  with  polyneuritis  is  certainly  met  with  in  other 
forms  of  polyneuritis,  as  Korsakow  himself  showed,  and  must  there- 
fore not  b3  accepted  as  evidence  that  alcoholism  is  the  cause  of  an 
obscure  polyneuritis.  Some  two  years  ago  I  had  the  opportunity  of 
watching  throughout  to  its  fatal  ending  a  case  of  polyneuritis  of  unknown 
origin,  in  which  the  delusions  and  characteristic  disorientation  of  time 
and  space  familiar  in  Korsakow's  psychosis  were  very  marked. 

A  man,  aged  55,  hall  porter,  early  in  September,  1920,  began  to  suffer 
from  severe  pains  in  the  left  hip.     After  a  fortnight  he  had  to  give  up  his  work. 
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and  three  weeks  later  pains  appeared  in  the  right  hip.  On  October  IG,  he  was 
admitted  under  my  care  into  St.  Mary's  Hospital  as  a  sup])osed  case  of 
sciatica.  There  was  some  loss  of  power  in  both  legs,  and  tactile  anaesthesia  of 
the  feet  and  ankles,  but  no  loss  of  power  or  of  sensation  in  the  arms  or  hands. 
Both  knee-jerks  md  Achilles-jerks  were  absent,  the  plantars  flexor.  No  glyco- 
suria or  albuminuria.  Wassermann  test  of  blood  and  c.s.f.  both  negative. 
On  October  26,  the  electrical  reactions  were  normal,  but  on  November  5, 
definite  reaction  of  degeneration  had  appeared  in  the  left  dorsiflexors,  and 
peronei  in  botli  legs.  By  Noveml)er  12,  bilateral  foot-drop  was  well  marked, 
and  there  was  retention  of  urine,  daily  catheterization  being  necessary.  His 
mental  condition  had  gradually  become  unreliable,  and  by  this  date  delusions 
were  very  marked ;  he  muttered  to  himself,  and  replied  in  the  most  extravagant 
manner  to  questions  as  to  where  he  had  been  recently,  such  as  to  New 
York  yesterday,  and  to  Jerusalem  the  day  previously,  though  he  would  other- 
wise answer  questions  quite  rationally.  He  had  always  consistently  denied 
the  imputation  of  alcoholism,  and  I  was  able  to  convince  myself  by  personal 
interviews  with  his  wife  and  with  his  fellow  employees  at  the  Town  Hall  where 
he  was  porter,  that  his  statements  on  this  point  were  true.  Irregular  pyrexia 
developed  towards  the  end  of  October,  and  he  steadily  got  weaker  and  more 
torpid,  dying  on  December  14.     No  post-mortem  was  permitted. 

In  another  case,  a  man,  aged  45,  had  a  severe  attack  of  polyneuritis,  with 
intense  pains  in  his  feet  and  legs,  with  loss  of  the  deep  reflexes,  and  consider- 
able delirium.  Alcohol  as  a  cause  could  be  excluded.  He  later  recovered  all 
his  muscular  power,  and  the  knee-jerks  returned,  but  there  was  considerable 
permanent  loss  of  memory  and  mental  power,  indicating  the  co-existence  of 
an  acute  encephalitis  with  the  polyneuritis. 

Septicaemia  is  a  not  uncommon  cause  of  multiple  neuritis,  differing 
little  in  type  from  alcoholic  neuritis.  The  source  of  infection  niay  be 
a  quite  insignificant  wound  ;  in  two  cases  I  saw  well  marked  multiple 
neuritis  follow  slight  local  suppuration  due  to  a  grazed  skin  wound  of 
the  hand,  and  in  another  case  due  to  a  stab  wound  in  the  thigh.  In  one 
of  them  an  early  symptom  was  loss  of  ocular  accommodation,  which  is 
such  a  common  early  symptom  in  post-diphtheritic  neuritis. 

Septicaemia  is  a  not  uncommon  cause  of  multiple  neuritis  following 
childbirth  or  a  miscarriage ;  one  of  the  most  severe  and  painful  cases  I 
have  ever  seen,  ending  in  death  from  heart  failure,  occurred  in  an  other- 
wise healthy  girl  of  23,  after  a  miscarriage  at  three  months,  in  all 
probability  an  artificially  induced  abortion.  The  polyneuritis  which 
has  been  described  as  following  tetanus  is  almost  certainly  of  septicsemic 
origin,  rather  than  due  to  tetanus  toxin,  though  chloretone  used  in  the 
treatment  has  been  blamed  in  one  case.  I  have  seen  the  use  of  anti- 
streptococcic serum  followed  by  a  severe  external  popliteal  paralysis ;  a 
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gunshot  wound  necessitated  amputation  of  the  foot,  but  on  account  of 
sepsis  three  doses  of  antistreptococcic  serum  were  given  on  three 
successive  days,  and  then  after  four  days  interval  another  dose. 
General  joint  pains  all  over  resulted,  followed  four  days  after  the  last 
injection  by  pains  in  the  right  leg,  dropped  foot  and  wasting  of  the 
\e^,  with  total  paralysis  of  the  extensor  longus  digitorum  and  of  the 
peronei.  It  is  doubtful  whether  this  was  septicaemic  neuritis,  or  an 
efifect  of  the  serum. 

Septicfemic  neuritis  may  affect  a  nerve  trunk  close  to  the  inter- 
vertebral foramina,  as  in  a  case  of  a  gunshot  wound  of  the  left  arm, 
followed  four  weeks  later  by  pains  in  the  opposite  arm  and  right  side  of 
the  neck,  with  paresis  of  the  right  serratus  magnus  and  winged  scapula, 
and  hypo-aesthesia  of  a  cutaneous  strip  from  the  ball  of  the  thumb 
alonf^  the  outer  forearm  and  up  to  the  shoulder,  suggestive  of  neuritis 
of  the  sixth  cervical  nerve. 

Generalized  polyneuritis  affecting  all  four  limbs,  with  ataxy  and 
loss  of  the  knee-jerks,  has  been  recorded  by  Clayton  [9]  in  a  soldier 
treated  for  typhoid  by  fifteen  injections  of  50  c.c.  each  of  antityphoid 
serum.  Here  again  it  may  be  asked  whether  the  polyneuritis  was  a 
result  of  the  serum  injections,  or  was  it  due  to  the  typhoid  toxin?  My 
own  view  is  that  the  neuritis  is  not  the  result  of  the  serum  treatment, 
but  of  the  previous  toxaemia,  just  as  polyneuritis  following  diphtheria, 
whether  treated  with  serum  or  not,  should  certainly  be  laid  to  the  credit 
of  the  diphtheritic  toxin. 

A  rare  form  of  polyneuritis  with  facial  diplegia  has  been  described 
by  Feiling  [12]  and  others  accompanying  ^ja7-o^i^/.s  and  uveitis,  or 
polyneuritis  may  follow  parotitis  alone. 

Acute  febrile  j^olytieuritis,  first  described  by  Osier  [29],  was 
frequently  observed  during  the  Great  War,  and  cases  were  recorded  by 
Gordon  Holmes  [21],  Bradford  [B],  and  others.  The  sequence  of 
the  polyneuritis  to  definite  malaise  and  pyrexia  places  this  type 
definitely  in  the  infective  rather  than  in  the  autotoxaemic  group, 
though  the  exact  source  of  the  toxin  has  not  yet  been  determined. 
Facial  diplegia  was  a  common  symptom  in  this  type  of  polyneuritis. 

I  saw  a  medical  officer,  just  home  from  France  early  in  1919,  who  com- 
plained of  pains  in  the  left  side  of  the  neck,  with  soreness  to  touch,  as  though 
bruised,  and  almost  immediately  aching  appeared  in  botli  forearms  ;  three  days 
later  insomnia,  and  the  arms  became  weak  and  the  hands  shaky.  After  three 
weeks  facial  diplegia  developed,  with  a  feeling  of  intense  depression  and 
malaise,  with    furred  tongue,   though   no  pyrexia  was  detected  at  any  time. 
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Thei'e  was  a  good  deal  of  pain  with  hyperaesthesia  and  tenderness  of  the 
hacks  of  the  forearms,  but  no  actual  muscular  paralysis.  The  knee-jerks  were 
l)resent  throughout,  and  the  legs  were  unaffected.  There  was  never  any 
sensory  loss,  and  recovery  was  complete  after  three  months. 

Si/pJtilis  as  a  cause  of  polyneuritis  is  usually  included  in  the 
cachectic  group,  but  occasionally  it  undoubtedly  acts  as  an  acute 
infective  toxasmia. 

A  man,  aged  30,  acquired  syphilis  in  .January,  1910.  Three  months  later 
he  developed  some  ataxy  and  numbness  of  the  feet,  but  recovered.  In  October 
the  numbness  and  ataxy  returned  with  rapid  onset  of  weakness  of  legs  and 
arms,  but  again  almost  completely  recovered  under  injections  of  salicylate  of 
mercury.  In  -January,  1911,  twelve  montlis  after  the  original  infection,  weak- 
ness and  wasting  of  the  hands  and  feet  l)egan,  which  steadily  progressed  to 
complete  paralysis  of  all  muscles  below  the  knees,  with  bilateral  finger-drop 
and  wasting  of  the  forearm  muscles. 

All  the  deep  reflexes  were  lost,  but  there  was  no  trace  of  anaesthesia. 

By  November,  1912,  he  was  recovering  fair  power  in  the  gastrocnemii,  and 
he  could  walk  fairly  with  a  stick.  The  hands  were  now  normal,  and  the  knee- 
jerks  had  returned,  but  there  was  no  trace  of  power  in  any  of  the  anterior 
tibial  muscles,  nor  any  reaction  in  them  to  either  form  of  electrical  current. 
Probaljly  the  correct  interpretation  of  this  case  would  be  a  polyneuritis 
associated  with  considerable  anterior  horn  cell  damage  in  the  fifth  lumbar 
region. 

In  considering  the  etiology  of  an  attack  of  multiple  neuritis  in  a 
syphilitic  subject,  the  possibility  of  arsenical  neuritis  should  not  be 
overlooked  if  treatment  by  any  of  the  arsenobenzol  preparations  has 
been  given. 

Tubercle  as  a  cause  of  polyneuritis  has  been  much  discussed,  the 
usual  verdict  being  that  such  polyneuritis  is  mainly  alcoholic,  though 
the  added  stress  of  the  tubercular  toxin  or  cachexia,  when  combined 
with  the  chronic  alcoholism,  much  increases  the  liability  to  degenera- 
tion of  the  nerves,  just  as  alcohol  in  addition  to  arsenic,  sepsis  with 
rheumatism,  and  many  other  doubly  acting  causes  may  combine  to  pro- 
duce it.  Except  when  associated  with  another  factor,  tubercle  is  a  very 
rare  cause  of  neuritis.  I  have  seen  one  case  of  generalized  polyneuritis 
in  a  man  dying  from  miliary  tuberculosis,  with  no  history  of  alcoholism 
or  other  ascertainable  cause. 

Tubercular  neuritis  of  the  feet. — In  two  cases  of  severe  and  fatal 
tubercular  infection,  I  have  seen  symmetrical  pains  and  wasting  of  the 
intrinsic  musculature  of  the  feet,  with  glossy  skin.     The  first  case  had 
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been  diagnosed  as  gout,  in  spite  of  extensive  pulmonary  tuberculosis 
by  no  less  an  observer  than  the  late  Sir  William  Broadbent  in  1SU5,  and 
remembering  this  case  when  I  saw  the  identical  condition  of  the  feet 
seven  years  later  in  a  woman  with  obscure  renal  disease  and  pyrexia,  I 
confidently  diagnosed  tubercle  as  the  cause,  though  no  one  else  agreed 
with  me  until  the  autopsy  confirmed  this. 

In  a  few  cases  I  have  seen  tubercular  pleurisy  followed  by  intensely 
severe  brachial  neuritis  on  the  same  side,  with  glossy  skin  and  articular 
disorganization  of  the  phalanges.  Probably  this  is  produced  by  apical 
infection  of  the  lung  and  pleura  setting  up  a  secondary  inflammatory 
neuritis  in  the  brachial  plexus  in  its  close  proximity. 

Severe  chronic  anaemia  is  usually  included  among  the  cachectic 
causes  of  polyneuritis,  though  it  appears  to  be  much  rarer  than  the 
spinal  degenerations  of  combined  sclerosis  met  with  in  conjunction 
with  grave  anaemia  of  pernicious  type.  I  published  last  year  [19]  a 
case  of  leuhaemic  jyolijneuritis. 

A  youth,  aged  17,  developed  well-marked  symmetrical  polyneuritis,  with 
foot-drop,  absent  deep  reflexes  and  sensory  diminution  on  the  feet  and  legs,, 
as  well  as  tingling  and  numbness  of  the  finger-pads.  His  spleen  was  enlarged 
three  finger-breadths,  but  there  was  no  leucocytosis,  indeed  a  leucopenia  of 
only  5,800,  but  the  cell  count  was  notably  inverted,  the  polymorphs  being  only 
23  per  cent,  and  the  lymphocytes  68  per  cent.  Slight  enlargement  of  the 
glands  in  the  neck  appeared,  and  one  of  these  was  removed  for  pathological 
examination,  but  was  reported  to  be  normal.  Troublesome  haemorrhage  from 
the  wound  continued  at  intervals,  again  suggestive  of  leukemia,  and  he  died 
six  weeks  after  admission  into  hospital,  three  months  after  the  fii'st  appearance 
of  weakness  of  the  legs. 

Microscopical  examination  of  the  liver,  kidneys  and  peripheral  nerves 
showed  these  tissues  to  be  infiltrated  with  lymphocytes,  yet  it  is  difficult  to 
conceive  that  the  symmetrical  polyneuritis  could  be  due  to  pressure  of  the 
lymphocytic  exudation  upon  the  nerve  fibres  ;  it  was  more  probably  of  toxic 
origin  due  to  some  unknown  form  of  autotoxasmia  connected  with  the  leukaemic 
process. 

Malignant  disease  is  also  included  amongst  the  cachectic  group  of 
polyneuritis,  though  it  seems  to  be  rare. 

A  year  ago  I  saw  a  civil  engineer,  aged  69,  who  had  been  operated  on  seven 
years  previously  for  malignant  growth  of  the  ascending  colon,  a  short  circuit 
being  performed.  He  recovered  well,  and  for  years  lived  an  ordinary  life^ 
travelling  a  great  deal.  In  October,  1921,  he  thought  he  caught  a  chill, 
followed  by  pains  in  the  left  shoulder,  arm  and  forearm,  "like  a  rat  gnawing 
it."     The  pains  spread  across  the  back  of  the  neck  and  then  affected  the  right 
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forearm,  being  so  severe  as  to  necessitate  morpiiia.  When  I  saw  him  in 
December  there  was  complete  paralysis  of  both  triceps,  and  of  the  extensors  of 
the  fingers  and  ulnar  extensors  of  both  wrists,  though  the  radial  extensors  of 
the  wrists  and  the  supinator  longus  of  each  side  were  normal ;  both  serratus- 
magnus  muscles  were  very  weak.  There  was  a  large  mass  in  the  right  hypo- 
chondrium,  which  was  shown  at  operation  to  be  gx'owth  in  the  ascending  colon 
with  most  extensive  involvement  of  the  liver.  The  legs  were  unaffected 
and  the  knee-jerks  brisk  ;  there  was  no  glycosuria. 

The  distribution  of  the  polyneuritis  in  this  case  was  most  unusual, 
with  bilateral  finger-drop  and  total  paralysis  of  both  triceps  muscles,  the 
legs  being  quite  unaffected.  The  intensity  and  long  duration  of  the 
pain  were  also  striking  features  of  the  case.  Possibly  chill  contributed 
to  the  onset  of  the  neuritis,  but  the  duration  of  three  months  with  in- 
creasing symptoms  was  more  suggestive  of  a  continually  acting  toxin 
or  cachexia,  and  is  better  explained  by  the  extensive  carcinoma  from 
which  he  was  suffering. 

Autotoxaemia. — Perhaps  the  most  interesting  group  of  causes  of 
polyneuritis  is  that  I  have  labelled  "  autotoxgemic."  We  are  constantly 
meeting  with  cases  in  which  the  closest  investigation  can  elucidate  no 
cause  for  the  polyneuritis.  One  is  tempted  therefore  to  look  upon  them 
as  autotoxgemic,  though  the  Scotch  verdict  of  "  not  proven  "  would  be 
more  correct. 

An  unmarried  woman,  aged  47,  a  school  teacher,  early  last  November  began 
to  suffer  from  burning  pains  in  the  legs,  the  feet  becoming  numb  two  months 
later,  with  loss  of  power  of  walking.  There  was  some  swelling  of  the  hands 
due  to  rheumatoid  polyarthritis,  which  also  involved  the  left  knee-joint.  She 
complained  of  pins  and  needles  in  the  fingers,  and  developed  finger-drop  owing 
to  paresis  of  the  extensor  communis,  and  weakness  and  wasting  of  the  intrinsic 
musculature  of  the  hands.  There  was  tactile  anaesthesia  and  analgesia  of  the 
left  hand  up  to  the  wrist,  but  no  objective  loss  of  sensation  on  the  right  hand, 
though  she  said  it  did  not  feel  natural.  There  was  complete  left  foot  drop 
and  some  weakness  of  the  right  dorsiflexors.  She  could  move  the  right  but 
not  the  left  toes.  Though  the  right  foot  was  much  stronger  than  the  left,  there 
was  much  denser  anaesthesia  of  this  limb,  extending  to  just  above  the  knee. 
The  knee-jerks  were  both  brisk  and  equal,  the  Achilles-jerks  were  absent,  and 
the  left  forearm  flexor  jerk  absent  too,  though  tlie  right  was  brisk.  After  two 
months  the  pains  in  the  legs  increased  considerably,  and  she  complained  of  a 
curious  subjective  sensation  "  as  though  she  had  several  pairs  of  legs  in  bed." 
This  continued  for  several  weeks.  Now,  after  eleven  months,  there  is  some 
improvement  in  the  muscular  power  of  the  legs,  but  she  is  still  only  just  able 
to  walk.  There  was  a  perforation  of  the  nasal  septum,  suggestive  in  appear- 
ance of  old  syphilis,  probably  congenital,  but  the  Wassermann  reaction  in  the 
blood  was  negative. 


424  OKKWXAL    ARTICLES    AND    CLINICAL    CASES 

It  \vas  difficult  to  assign  the  cause  of  this  polyneuritis,  though  I 
incline  to  look  on  it  ^^  rheumatic  pohjneiiritis,  in  view  of  the  presence  of 
painful  multiple  joint  swellings,  and  the  asymtaetry  and  painfulness 
of  the  affection. 

Beri-heri  was  at  one  time  considered  to  be  an  infective  polyneuritis 
due  to  a  bacterial  poison,  but  the  more  recent  view  ascribes  it  to  a 
deficiency  of  vitamines  in  the  diet,  due  to  the  eating  of  polished  rice  ; 
the  husk  of  the  grain,  which  is  thus  lost  to  the  diet,  containing  all  the 
vitamins.  Such  a  deficiency  can  act  indirectly  only,  by  setting  up 
changes  in  the  metabolic  processes  of  the  tissues,  and  thus  probably  the 
production  of  some  insufficiently  broken-down  excretory  product,  which 
in  the  course  of  circulation  affects  the  peripheral  nerves,  causing  sym- 
metrical parenchymatous  degeneration.  The  process  may  be  compared 
to  that  in  diabetes,  in  which  the  lack  of  the  normal  internal  secretion 
of  the  cells  in  the  islands  of  Langerhans  in  the  pancreas  so  alters 
normal  metabolism  that  an  excess  of  dextrose  is  produced  in  the  breaking 
down  of  the  muscular  tissue.  Yet  it  is  probably  neither  the  dextrose 
in  the  blood,  nor  the  acetone  or  diacetic  acid  by-products,  which 
are  the  actual  toxic  agent  in  producing  the  neuritis.  In  diabetic 
neuritis  there  may  be  symmetrical  numbness  and  anaesthesia  of  the 
extremities,  with  loss  of  deep  reflexes,  but  little  or  no  muscular  paresis, 
though  there  is  well  marked  ataxy,  the  so-called  diabetic  pseudo-tabes. 
In  another  form  the  pains  may  be  extremely  severe,  and  the  muscular 
paralysis  well  marked,  often  in  the  distribution  of  one  sciatic,  external 
popliteal  or  anterior  crural  nerve.  Why  a  circulating  toxin  should  thus 
set  up  an  asymmetrical  neuritis  is  hard  to  understand ;  it  is  usual  to 
explain  it  by  inferring  a  locally  acting  cause  in  addition,  such  as  overuse 
or  strain  of  the  limb,  or  undue  pressure  on  the  nerve.  In  the  asym- 
metrical neuritis  of  rheumatism  or  of  paratyphoid  fever,  the  asymmetry 
may  be  due  to  local  involvement  of  the  nerve  sheaths  by  direct  organismal 
infection,  as  in  leprous  neuritis,  but  in  diabetes  no  organisms  are  known 
to  be  at  work. 

Puerperal  neuritis. — Polyneuritis  developing  shortly  after  childbirth, 
or  even  during  the  puerperium,  is  sometimes  considered  to  be  a  septic- 
aemic  neuritis,  due  to  sepsis  acquired  during  parturition,  or  to  retained 
septic  products  in  the  uterus  from  a  previous  pregnancy.  I  do  not 
think  that  this  explanation  will  cover  all  the  cases  of  polyneuritis! 
associated  with  pregnancy,  but  rather  that  some  are  true  cases  of  auto- 
toxsemia,  the  toxin  which  produces  the  polyneuritis  being  elaborated 
in  the  tissues  as  an  abnormal  by-product  of  the  metabolism  in! 
pregnancy. 
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A  year  ago  I  liad  under  my  care  for  some  months  a  young  married  woman 
aged  30,  wlio  ten  weeks  after  childbirth  complained  of  weakness  of  the  legs  and 
of  numbness,  and  of  pins-and-needles  spreading  in  the  feet  and  hands,  followed 
by  numbness  of  the  abdomen  and  chest  up  to  the  neck.  All  the  deep  reflexes 
were  lost,  and  she  was  unable  to  lift  the  legs  off  the  bed  ;  the  extensors  of  the 
fingers  also  became  weak,  but  the  extensors  of  the  thumbs  and  of  the  wrists 
were  unaffected.  Bilateral  facial  palsy  and  diplopia  next  appeared,  followed  by 
diaphragmatic  palsy  for  several  days. 

There  was  deep  tenderness  of  the  calves  and  forearms,  and  well-marked 
anaesthesia  of  the  feet  and  ankles,  but  she  never  suffered  from  any  spontaneous 
pains.  There  was  never  any  pyrexia  or  recognizable  sepsis  after  the  child- 
birth.    She  recovered  completely  after  four  months. 

Ten  years  ago  Batten  [5]  showed  at  a  clinical  meeting  of  this 
Society  a  woman  with  recurrent  paralysis  and  wasting  of  the  hands 
and  legs,  with  absence  of  the  deep  reflexes,  the  paralysis  recurring 
after  two  confinements.  Such  recurrent  paralysis  will  be  referred  to 
presently  as  having  been  observed  in  other  cases  of  apparently  autotoxic 
polyneuritis. 

Pressure  neuritis  as  a  cause  of  paralysis  following  childbirth  must 
be  carefully  distinguished  from  toxic  polyneuritis,  the  nerve  that  usually 
suffers  being  the  sciatic,  and  especially  its  external  popliteal  portion, 
from  pressure  of  the  foetal  head  upon  it  near  its  exit  from  the  pelvis  at 
the  sciatic  notch. 

Cranial  nerve  paralyses  are  common  as  a  sequel  of  ordinary 
pharyngeal  diphtheria,  the  third,  fourth  and  sixth  nerves  being  commonly 
affected,  and  occasionally  the  seventh,  fifth,  tenth  and  twelfth.  The 
loss  of  accommodation  due  to  paresis  of  the  ciliary  muscle,  that  is  such 
an  early  sign  in  post-diphtheritic  palsy,  I  have  also  seen  in  septicaemic 
neuritis  and  in  one  other  case  of  toxic  polyneuritis.  Walshe  [43]  has 
pointed  out  that  the  frequency  of  incidence  of  cranial  nerve  paralyses 
after  diphtheria  is  dependent  on  the  close  contiguity  of  the  source  of  the 
toxin  in  the  pharynx,  as,  in  cases  of  polyneuritis  following  accidental 
diphtheritic  infection  of  an  open  wound  of  the  trunk  or  limbs,  cranial 
nerve  paralyses  are  uncommon. 

A  definite  syndrome  has  been  claimed  for  polyneuritis  craniaUs, 
many  observations  being  recorded  of  neuritis  limited  to  several  cranial 
nerves.  Oppenheim  [28]  thinks  these  cases  are  usually  due  to  a  basal 
process  involving  the  cranial  nerves.  Kinnier  Wilson  [44]  showed  at 
the  Clinical  Section  a  man  who,  after  right-sided  otitis  media  of  three 
weeks  duration,  developed  nerve  deafness,  of  the  right  ear,  right  facial 
palsy,  paralysis  of  the  right  half  of  the  soft  palate  and  of  the  right 
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vocal  cord,  glosso-pharyngeal  anaesthesia  and  hemiatrophy  of  the  right 
half  of  the  tongue,  with  bilateral  loss  of  taste. 

SIoio  chronic  polyneuritis  is  a  term  that  may  l)e  applied  to  cases  in 
which  the  symptoms  gradually  increase  during  many  months.  Pain  is 
usually  either  absent  throughout,  or  only  trifling  at  the  commencement, 
but  the  muscular  paralysis  becomes  extreme,  and  there  may  be  exten- 
sive atrophy. 

In  the  case  of  a  man,  aged  31,  the  symptoms  gradually  increased  during 
twelve  months,  commencing  with  pain  in  the  calves  and  a  tired  feeling,  after 
the  appearance  of  some  large  purpuric  blotches  on  the  legs. 

The  legs  gradually  became  enfeebled  to  the  stage  of  total  flaccid  palsy,  the 
hands  and  forearms  not  being  involved  until  nine  months  after  the  com- 
mencement of  symptoms.  When  I  saw  him  seventeen  months  after  the 
onset,  there  was  practically  complete  palsy  of  the  feet  and  legs,  hands  and 
wrists,  with  contracture  of  the  feet  and  hands.  All  the  deep  reflexes  were 
lost  and  there  was  considerable  anaesthesia  in  the  periphery  of  all  four  limbs. 
The  sphincters  were  normal,  and  no  cause  suggestive  of  polyneuritis  could 
be  discovered.  Wassermann  test  negative  in  both  ])lood  and  cerebrospinal 
fluid. 

A  girl,  aged  15,  became  gradually  weaker  during  twelve  months  until  all 
four  limbs  were  totally  paralysed  :  she  could  not  raise  the  head  from  the  pillow, 
the  eyelids  and  lips  were  partially  paralysed,  there  was  weakness  of  the 
masticatory  muscles,  and  the  tongue  was  somewhat  wasted  No  sensory 
symptoms  were  present  at  any  time  except  slight  i)araestliesiae  of  the  fingers  at 
the  commencement.  All  the  deep  reflexes  were  lost,  but  only  slight  muscular 
wasting  occurred,  and  no  contractures.  No  improvement  was  observable  in 
spite  of  daily  massage  and  electrical  treatment  until  eighteen  months  after  the 
onset,  when  she  slowly  began  to  regain  power,  and  ultimately  recovered 
])erfectly  in  another  two  years. 

The  slow  development  of  the  symptoms  in  such  cases  strongly 
suggests  a  continuously  acting  toxin,  rather  than  an  acute  poisoning, 
and  one  is  driven  to  the  supposition  that  an  autotoxaemia  is  at  work. 
In  the  girl's  case  at  least  the  continual  absorption  of  external  toxins 
could  be  excluded,  as  her  first  symptoms  occurred  when  at  school  in 
South  Africa  and  advanced  for  three  months  at  home  some  distance 
away,  and  she  continued  to  get  weaker  for  another  nine  months  after 
being  sent  to  England. 

Belapsing  and  reciirrent  polyneuritis. — The   commonest    causes  of  J 
recurrent  polyneuritis  are  chronic  alcoholism  and   lead  poisoning,  but] 
recurrence    is    also    met    with    in    cases   where   the    cause    is    obscure. 
F.  G.  Thomson  [42]  recorded  the  case  of  a  youth  of  19  in  whom  weak- 
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ness  coininenced  in  the  hands  and  feet  five  days  after  being  thrown  out 
of  a  scuHing  boat ;  within  another  ten  days  there  was  complete 
paralysis  of  all  four  limbs  and  of  both  sides  of  the  face,  with  consider- 
able weakness  of  the  trunk  muscles.  The  sensory  symptoms  were 
confined  to  slight  numbness  of  the  fingers  and  the  soles  of  the  feet. 
All  the  deep  reflexes  were  lost  and  considerable  wasting  developed  later 
in  the  muscles  about  the  shoulders,  forearms  and  legs,  the  extensors 
being  chiefly  affected.  Recovery  was  complete  in  every  respect  in 
about  two  years.  An  interesting  fact  in  the  history  was  that  this  boy 
at  the  age  of  5  years  had  had  apparently  a  similar  attack  of  motor 
paralysis  affecting  all  four  limbs,  ending  in  complete  recovery  in 
eighteen  months.  The  acuteness  of  the  onset  of  the  paralysis  following 
the  immersion  is  strongly  suggestive  of  chill  being  the  exciting  factor, 
though  his  previous  similar  attack  at  the  age  of  o  seems  to  demonstrate 
a  predisposition  in  his  metabolic  processes  to  the  development  of  a 
neurotoxin,  or  possibly  an  excessive  sensitiveness  of  his  peripheral 
nerves  to  the  action  of  such  neurotoxin. 

In  lead  poisoning  it  seems  to  be  established  that  a  recurrence  of 
wrist-drop  and  colic  may  be  dependent  upon  some  slight  cause,  as  a 
febrile  attack  or  an  irregularity  in  diet,  in  the  total  absence  of  any 
fresh  source  of  lead  absorption.  This  fact  lends  support  to  Mary 
Sherwood's  suggestion  [36] ,  that  the  first  attack  of  neuritis  leaves  the 
nerves  with  a  lowered  power  of  resistance  to  the  assault  of  a  fresh 
toxaemia. 

Grocco  [15]  was  the  first  to  describe  recurrent  attacks  of  poly- 
neuritis in  the  absence  of  any  obvious  cause  such  as  lead  or  alcohol. 
Other  reports  of  such  cases  have  been  made  by  Eichhorst  [11],  by 
Mary  Sherwood  [36],  who  described  two  cases  from  Eichhorst's  clinic 
in  Zurich,  though  her  first  case  was  that  of  recurrent  palsy  of  the 
right  arm  only,  and  should  scarcely  be  classed  with  other  cases  of 
generalized  multiple  neuritis.  Ross  and  Bury  [33]  describe  two 
sisters  with  recurrmg  paralysis.  Targowla  [40]  recounts  the  case  of  a 
woman  who  had  three  attacks  of  paralysis  at  the  ages  of  19,  27,  and 
39  years.  Sorgo  [37]  described  the  case  of  a  man  who  after  three 
attacks  of  abdominal  pain  and  constipation  developed  bilateral  palsy  of 
the  arms,  followed  twelve  months  later  by  a  recurrence  of  the  paralysis 
and  colic,  and  again  eight  months  later  following  a  chill,  colic,  severe 
pains,  paralysis  of  the  arms,  weakness  of  the  legs,  loss  of  the  knee-jerks, 
respiratory  paralysis  and   death.     Degenerative  neuritis  was  found  in 
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the  peripheral  nerves.  The  sequence  of  the  paralysis  to  attacks  of 
severe  abdominal  pains  and  constipation  is  suggestive  of  an  enterotoxin 
having  been  the  cause,  and  is  strikingly  similar  to  the  mode  of  onset  of 
the  paralysis  in  acute  hanuatoporphyrinuric  polyneuritis. 

11.  .M.  Thomas  [41]  published  a  clinical  lecture  on  Recurrent 
Polyneuritis,  de.scribing  the  case  of  a  man  of  1^8,  who  had  five  attacks 
of  paralysis  within  six  years.  In  his  case  chronic  indigestion  was 
a  feature  of  the  illness,  and  possibly  here  also  an  enterotoxin  was  the 
cause. 

A  somewhat  similar  case  was  publishea  by  Xattrass'  [27]  ;  a  boy 
aged  18  developed  double  foot-drop,  loss  of  deep  reflexes,  and  other 
signs  of  generalized  multiple  neuritis,  who  had  had  two  similar  attacks 
of  paralysis  lasting  for  several  months,  one  at  the  age  of  4  and  the  other 
at  17.  A  pecularity  in  his  case  was  enlargement  and  tenderness  of  the 
nerve  trunks,  especially  of  the  median,  ulnar  and  external  popliteal. 

Hxmatoporphyrinuric  i^oJy  neurit  is. — In  1008  my  attention  was 
first  drawn  to  this  curious  syndrome : — 

A  woman,  a^qed  47,  was  admitted  to  St.  Clary's  Hospital  witli  pains  in 
the  abdomen,  following  a  cold  three  weeks  previously.  Her  pulse  was  120, 
and  the  urine  was  noticed  to  be  dark  reddish  coloured,  liapmatoporphyrinuria 
being  found  on  analysis.  A  week  later  she  began  to  complain  of  pains  all  over 
her  limbs  and  body,  and  it  was  found  that  she  could  not  raise  her  arms  to  the 
level  of  the  shoulder.  The  pains  were  worst  in  the  arms  and  shoulders,  but 
there  was  no  anaesthesia.  In  five  days  she  was  unable  to  sit  up  or  to  feed 
herself.  Insomnia  became  troublesome,  and  there  was  retention  of  urine,  with 
overflow  incontinence.  The  pains  in  her  arms  were  so  severe  that  she  com- 
plained of  feeling  as  if  the  skin  was  being  torn  oflF.  The  knee-jerks  were 
present  on  admission,  but  were  afterwards  lost  for  some  weeks.  Three  months 
later  she  could  just  hold  out  her  arms,  but  there  was  still  complete  paralysis 
of  the  extensors  of  the  fingers  on  both  sides,  with  reaction  of  degeneration, 
though  the  extensors  of  the  wrist  and  supinator  longus  were  unaffected. 
Ultimately  she  recovered  completely,  the  ha^matoporphyrinuria  having  disap- 
peared before  she  left  hospital. 

It  was  not  until  February  1921  that  I  met  with  another  case  of  this 
disease. 

A  man,  aged  45,  well  nourished  and  living  in  perfect  conditions  in  the 
country,  apparently  in  perfect  health  except  that  he  had  always  been 
obstinately  constipated,  was  seized  with  pains  in  the  back.  Next  day  his 
urine  was  dark  red  coloured.  The  pulse  was  60,  and  he  now  complained  of 
severe  pains  around  the  loins  and  the  front  of  the  abdomen,  at  first  thought 
by  his  doctor  to  be  renal  colic  and  then  an  acute  abdomen,  for  which  he  was 
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sent  into  a  nursinf^  home  and  a  surgeon  fetched  from  London.  The  latter 
however,  refused  to  operate,  making  a  diagnosis  of  acute  pancreatitis.  All  the 
next  week  liis  pains  were  severe,  and  he  was  said  to  he  jaundiced,  and  to  have 
bile  in  the  urine.  On  the  fourtli  day  there  was  retention  of  urine  requiring 
use  of  the  catheter.  After  eleven  days  he  became  excitable  and  nervous,  owing  to 
which  I  was  asked  to  see  him.  The  pulse  was  then  100,  the  strengtli  of  limbs 
and  trunk  good,  and  he  could  stand  and  walk.  The  knee-jerks  were  normal, 
as  were  all  the  other  reflexes.  He  comi:)lained  of  some  iDareesthesia?  of  the 
trunk,  and,  taken  with  his  excitable  nervous  condition  and  sleeplessness,  I 
thought  he  was  developing  acute  mania.  There  was  no  history  of  venereal 
disease  and  his  cerebrospinal  fluid  was  normal.  Two  days  later  I  saw  him 
again ;  he  could  still  stand,  but  the  knee-jerks  were  now  absent,  and  there  was 
no  weakness  or  anajsthesia.  He  again  had  retention  of  urine,  and  on  the 
doctor  passing  the  catheter  I  was  astonished  to  see  that  the  so-called  bile- 
stained  urine  was  port  wine  coloured,  an  extreme  example  of  haematoporphy- 
rinuria.  Three  days  later  he  complained  of  "  deadness  "  of  the  chest  and 
abdomen  when  touched,  and  large  areas  in  this  region  were  found  to  be 
analgesic.  Paresis  of  the  deltoids  was  now  well  marked,  as  well  as  weakness 
of  the  flexors  of  the  hips,  but  no  other  weakness  of  the  limbs.  His  rectal 
temperature  was  now  for  the  first  time  slightly  raised  ;  two  days  later  his 
temperature  was  100°  F.  and  the  pulse  132.  He  was  now  mucli  weaker, 
unable  to  turn  in  bed  and  to  cough  owing  to  weakness  of  the  abdominal 
muscles.  The  constipation  became  more  and  more  extreme,  the  diaphragm 
paralysed,  and  he  died  after  an  illness  of  three  weeks'  duration.  Unfortunately 
an  autopsy  was  not  permitted. 

Needless  to  say,  in  both  these  cases  sulphonal  and  other  drugs  as  a 
possible  source  of  poisoning  were  excluded.  In  both  acute  abdominal 
pains  were  amongst  the  earliest  symptoms,  followed  immediately  by 
hsematoporphyrinuria,  pains  all  over,  paraesthesiae  and  paralysis,  especi- 
ally of  the  arms,  loss  of  knee-jerks,  retention  of  urine  and  insomnia.  In 
neither  of  my  two  cases  was  vomiting  noted. 

Hsematoporphyrinuria  may  occur  with  symptoms  of  acute  illness 
quite  unconnected  with  the  taking  of  any  drug  ;  it  was  first  described 
in  a  case  of  acute  rheumatism  by  MacMunn  in  1880  [26],  under  the 
name  of  urohajmatin. 

Acute  attacks  are  ushered  in  by  severe  pains  in  the  abdomen  and 
loins,  constipation,  and  sometimes  vomiting.  Dark-brown  to  port-wine 
coloured  urine  is  an  early  symptom,  and  the  pains  continue  and  may 
spread  all  over  the  trunk  and  limbs.  The  pulse-rate  is  raised  to  100  or 
120,  but  usually  there  is  no  pyrexia.  Ketention  of  urine  and  even 
incontinence  may  occur,  and  occasionally  mental  symptoms  may  be 
noticeable,  such  as  general  nervousness,  excitability,  or  even  delirium 
and  epileptic  fits. 
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Gunther's  excellent  article  [17]  quotes  fourteen  cases  in  the  litera- 
ture, in  four  of  which  severe  paralysis  rapidly  developed,  followed  by 
death  soon  after  the  onset  of  the  paralysis,  the  earliest  recorded  case 
being  that  of  Hanking  and  Tardington  in  1890  [31]. 

These  observers  described  the  cases  of  two  single  women  aged  41 
and  47,  both  living  in  the  same  house,  who  were  both  taken  ill  with 
hfpmatoporphyrinuria  within  a  week ;  both  were  extremely  neurotic, 
dyspeptic  and  constipated. 

In  the  first  case  the  symptoms  followed  immediately  after  a  large 
dose  (20  gr.)  of  acetanilide  had  been  given  in  three  doses  within  four 
hours.  Partial  suppression  and  retention  of  urine,  which  was  port-wine 
in  colour,  followed  immediately,  and  death  occurred  a  week  later,  the 
legs  being  paralysed  for  a  day  before  death.  Their  second  case 
developed  no  paralysis  and  recovered,  though  the  symptoms  otherwise 
were  similar.  It  is  difficult  to  believe  the  possibility  of  simple 
coincidence  for  such  a  rare  condition  as  htematoporphyrinuria  in  these 
two  cases,  in  the  absence  of  some  common  factor,  as  a  drug,  of  which 
however  there  is  no  record,  except  the  excessive  dose  of  acetanilide  in 
the  firyt  case. 

Schulte  [34  described  the  case  of  a  ship's  cook,  aged  35,  who  was 
seized  with  abdominal  pains,  haematoporphyrinuria,  followed  by  typical 
multiple  neuritis  affecting  the  arms  only,  paresis  of  the  deltoids,  biceps, 
supinator  longus,  infraspinatus  and  the  extensors  in  the  forearms.  The 
pulse  was  only  48,  there  was  no  pyrexia  and  the  man  recovered. 

Bachlechner  [2]  has  recorded  a  case  of  haematoporphyrinuria 
followed  by  symmetrical  wrist-drop  and  foot-drop,  with  the  reaction  of 
degeneration,  in  which  the  paresis  developed  with  two  succeeding 
attacks  of  the  acute  symptoms ;  and  Gunther  [18]  states  that  repeated 
attacks  of  the  syndrome  of  acute  haematoporphyrinuria  may  occur 
within  a  year,  though  in  none  of  his  own  cases  did  polyneuritis 
develop. 

L.  F.  Barker  and  Estes  [3]  observed  a  girl  aged  18  with  haemato- 
porphyrinuria and  polyneuritis  which  ended  fatally  after  sixteen  months. 
She  passed  dark  urine  for  the  whole  of  that  time,  and  suffered  from 
pain  in  the  lower  abdomen,  recurring  nausea  and  vomiting,  vertigo  and 
epileptic  fits.  Laparotomy  disclosed  a  dilated  pylorus  and  duodenum. 
Two  months  later,  after  complaining  of  severe  pains  all  over,  bilateral  wrist 
and  foot  drop  developed,  with  extensive  muscular  atrophy,  including  the 
intrinsic  hand  muscles.  The  deep  reflexes  were  at  first  exaggerated 
but  later  lost,  and  she  died  four  months  later.     At  the  autopsy  there 
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was  found  great  distension  of  the  stomach  and  duodenum.  A  very- 
interesting  point  in  this  case  was  that  the  family  history  disclosed  the 
fact  that  four  other  members  of  the  family  seemed  to  have  suffered 
similarly  with  hsematoporphyrinuria  and  nausea  with  abdominal  pains, 
one  of  her  sisters  having  died  after  being  ill  for  nine  months 
with  similar  symptoms.  The  strong  family  tendency  to  these  sym- 
ptoms, associated  with  haematoporphyrinuria,  is  practically  conclusive 
evidence  of  an  autotoxaemia  being  the  origin  of  the  syndrome.  In 
all  probability  an  intestinal  toxin  is  to  blame.  Barker  and  Estes  regard 
the  'gastro-duodenal  dilatation  as  primary,  the  toxaemia  producing  the 
haematoporphyrinuria  and  polyneuritis  being  secondary.  In  my  second 
and  fatal  case  the  obstinate  constipation  was  a  striking  and  troublesome 
symptom  from  which  he  had  always  suffered,  and  it  is  suggestive  that 
the  toxaemia  was  intestinal  in  origin. 

Gunther  applied  the  term  acute  toxic  haematoporphyrinuria  to  those 
cases  in  which  the  symptoms  follow  chronic  poisoning  by  sulphonal, 
trional,  tetronal,  veronal  or  its  derivatives.  Lead,  saffron  and  glycerine, 
are  also  said  to  produce  toxic  haematoporphyrinuria. 

Haematoporphyrinuria  resulting  from  the  use  of  sulphonal  was  first 
observed  by  Stokvis  [39],  in  the  case  of  a  woman  who  passed  port- 
wine  coloured  urine  after  taking  sulphonal  for  many  months.  Schulz 
[35]  described  a  fatal  case  after  taking  15  gr.  of  trional  daily  for  one 
month,  the  symptoms  being  epigastric  pain  and  vomiting,  and  followed 
by  loss  of  strength  two  weeks  later,  haematoporphyrinuria  appearing  for 
a  few  days  before  death.  Many  cases  of  this  acute  sequel  of  chronic 
sulphonal  or  trional  poisoning  have  since  been  published,  and  in  about 
one-fourth  of  them  acute  paralysis  has  been  noted.  The  syndrome 
closely  resembles  that  of  acute  haematoporphyrinuria  not  due  to  drugs. 
Thus,  severe  abdominal  pains,  vomiting  and  constipation,  are  often 
prominent  symptoms,  recovery  rarely  happening  when  all  these  three 
symptoms  are  present.  A  typical  case  was  described  by  Anson  [1] . 
A  woman,  aged  35,  after  taking  80  gr.  of  sulphonal  daily  for  three  and  a 
half  years,  developed  acute  abdominal  symptoms,  constipation,  haemato- 
porphyrinuria, intense  pains  in  the  legs,  loss  of  knee-jerks,  followed 
ten  days  later  by  marked  weakness  of  the  legs,  increasing  to  total 
paralysis,  the  arms  being  later  similarly  affected.  There  was  no 
anaesthesia,  but  incontinence  of  both  sphincters  until  death.  In  this 
case  no  toxic  symptoms  appeared  until  the  drug  had  been  taken 
regularly  for  three  and  a  half  years,  but  in  other  cases  the  symptoms 
have  come  on  acutely  after  even  one  or  two  doses  of  trional  or  sulphonal. 
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In  Keith  Campbell's  case  in  1897  [7],  in  the  Koyal  Asylum,  Perth, 
a  domestic  servant,  aged  22,  nervous  and  depressed,  and  sutit'ering  from 
constipation,  was  given  two  powders  of  15  gr.  each  of  sulphonal  and 
phenacetin.  Vomiting  commenced  four  days  later,  and  haematoporphy- 
rinuria  fourteen  days  after  taking  the  drugs.  Convulsions  developed  as 
well  as  nystagmus,  progressive  paralysis,  loss  of  the  knee-jerks,  and 
death  occurred  thirteen  days  after  the  first  vomiting. 

Stockton  [8,S]  described  a  case  of  acute  ascending  paralysis  with 
haematoporphyrinuria  in  a  girl,  aged  27,  who,  previously  strong  and 
healthy,  became  obstinately  constipated,  and  twelve  months  Fater 
nervous,  irritable  and  anaemic.  She  was  given  three  doses  of  5  gr.  each 
of  sodium  salicylate  and  sulphonal.  Vomiting  set  in,  the  pulse  became 
slow  and  the  urine  claret  coloured.  Fifteen  gr.  of  sulphonal  was  given 
and  next  night  a  similar  dose  of  trional,  but  both  failed  to  induce  sleep. 
Anaesthesia  of  the  buttocks  appeared,  followed  by  incontinence  of  both 
sphincters,  shooting  pains  in  the  legs,  progressive  paralysis  and 
anaesthesia,  the  arms  being  last  affected,  and  loss  of  the  knee-jerks. 
Some  power  returned  in  the  feet  and  legs  but  the  arms  remained 
totally  paralysed,  and  there  was  total  loss  of  sensation  on  the  trunk  and 
lower  limbs.  Doubtful  optic  neuritis  was  observed  before  death.  No 
autopsy  was  obtained.  In  the  discussion  on  this  paper,  Putnam  [80] 
referred  to  a  case  of  his  own  of  increasing  paralysis  with  haematopor- 
ph3'rinuria  following  the  administration  of  sulphonal,  in  which 
degenerative  neuritis  was  discovered  at  the  autopsy,  the  spinal  cord 
being  normal. 

A  case  of  haematoporphyrinuric  polyneuritis  following  the  use  of 
trional  was  published  in  1901  by  Hart  [20],  in  which  recovery 
occurred.  Trional  differs  from  sulphonal  only  in  the  substitution  of  an 
ethyl  group,  C.,H.,  for  a  methyl  group,  CHo.  His  patient  was  a 
woman,  aged  50,  who  had  taken  much  trional  for  a  long  time,  when 
acute  colicky  abdominal  pain  with  nausea  and  vomiting  developed. 
There  was  no  pyrexia,  abdominal  tenderness  or  distension.  Five  days 
later  haematoporphyrinuria  appeared,  followed  within  a  week  by  pro- 
gressive paralysis  of  the  extensors  of  the  feet  and  wrists,  with  severe 
pains,  anaesthesia  and  loss  of  deep  reflexes.  There  was  delirium  and 
psychosis  of  Korsakow  type.  The  pains  in  the  limbs  and  abdomen 
were  excruciating  for  a  time,  and  limb  contractures  developed,  followed 
by  a  slow  recovery. 
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ON  MUSCLE  TONUS. 
De  Boer's  Experiment  on  the  Frog. 

(From  the  Phy&iolojical  Laboratory,  Utrecht.) 
BY  J.  W.  LANGELAAN. 

De  Boer's  experiment  consists  in  cutting  the  rami  communicantes 
which  unite  the  sympathetic  chain  with  the  spinal  nerves  of  the  himbar 
plexus.  After  their  section  the  frog  is  fixed  in  a  clamp  by  means  of  a 
hook  through  the  nose,  as  was  first  done  by  Brondgeest.  When 
hanging  in  this  way  the  difference  in  position  and  in  length  of  the  two 
hind  legs  can  be  observed.  In  these  experiments  the  frog  was  always 
intact,  that  is  the  spinal  cord  was  not  divided.  According  to  deBoer  the 
le<y  on  the  side  on  which  the  rami  communicantes  are  cut  is  invariably 
more  extended  and  slightly  longer  than  that  of  the  normal  side,  and  he 
attributes  this  difference  to  a  loss  of  tonus  of  the  muscles  of  this  limb. 
He  states  that  the  loss  of  tonus  in  this  case  is  as  complete  as  after  the 
section  of  the  posterior  roots  of  the  lumbar  plexus.  This  effect, 
accordin"^  to  de  Boer,  is  permanent,  and  he  concludes  that  muscle  tonus 
is  governed  exclusively  by  the  sympathetic  system,  and  that  the 
impulses  maintaining  tonus  reach  the  muscles  by  way  of  the  rami 
communicantes. 

The  same  experiment  repeated  on  the  cat  has  yielded  similar  results. 
The  definition  which  de  Boer  gives  of  tonus  is  the  same  as  that  of 
Johannes  Miiller,  Brondgeest,  and  the  great  majority  of  recent  investi- 
gators, viz.,  a  state  of  slight  contraction  of  muscle. 

In  repeating  this  experiment  I  performed  the  operation  as  carefully 
as  possible.  The  frog  was  rendered  motionless  by  being  wrapped  in 
cotton  wool  and  the  needles  which  fixed  the  animal  pierced  the  wool 
only.  The  intestines  were  always  kept  within  the  abdominal  cavity 
and  pushed  aside  by  means  of  a  little  tampon  moistened  in  Kinger's 
solution.  The  blood-vessels  were  spared  as  far  as  possible,  especially 
the  large  vena  dorso-lumbalis  (Gaupp).  Before  reaching  the  rami 
communicantes,  the  parietal  peritoneum  must  be  incised  and  in  most 
cases  the  kidney  pushed  a  little  aside.  In  this  latter  manipulation,  as 
well  as  during  the  section  of  the  rami  communicantes,  it  is  difficult  to 
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avoid  stretching  the  sympathetic  chain  and  its  branches.  The  stretch- 
ing of  these  nerves  increases  and  lengthens  the  period  of  shock  following 
the  section  of  the  ratni.^  The  same  effect  is  produced  by  bringing  the 
intestines  outside  the  body  in  order  to  facilitate  the  operation  ;  most 
observers  have  done  so  and  consequently  produced  severe  and  prolonged 
shock  of  the  spinal  reflex  arcs. 

I  have  performed  the  operation  in  every  case  on  the  right  side  only 
upon  male  frogs  of  moderate  size.  The  operation  is  much  more 
difficult  in  rana  temporaria  than  in  rana  esculenta,  and  in  many  other 
respects  too  the  former  is  not  so  suitable  for  the  experiment.  I  usually 
divided  the  rami  communicantes  uniting  the  sympathetic  chain  with 
the  seventh,  eighth  and  ninth  spinal  nerve  trunks,  but  in  some  cases 
the  sixth  ramus  was  also  sectioned,  and  in  others  the  tenth.^  The 
latter  ramus  is  very  slender  and  does  not  seem  to  influence  the  muscles 
of  the  hind  limb.  As  the  w^ound  must  be  carefully  sewn  up,  this  part 
of  the  operation  took  approximately  a  quarter  of  an  hour  and  conse- 
quently I  never  observed  the  animals  earlier  than  ten  to  fifteen  minutes 
after  the  section  of  the  rami  communicantes. 

Bana  esculenta  survived  the  operation  well  for  several  weeks,  after 
which  the  animals  were  then  killed  for  the  purpose  of  autopsy ;  rana 
temporaria,  however,  stood  the  operation  badly,  suffered  from  severe 
shock  and  often  died  within  the  course  of  a  few  days.  I  think  this  was 
chiefly  due  to  the  bad  state  in  which  the  animals  reached  the  laboratory 
during  this  year. 

When  a  normal  frog  is  suspended  by  means  of  a  hook  piercing  its 
nose,  its  first  act  is  a  defensive  movement.  By  placing  its  feet  against 
the  hook  and  then  stretching  its  extremities  with  force,  it  tries  to  free 
itself  from  it.  A  small  drop  of  a  3  per  cent,  solution  of  cocaine  upon 
the  wound  through  which  the  hook  passes  often  suppresses  these  move- 
ments. As  soon  as  the  defensive  movements  cease  flight  movements 
appear.  In  rana  esculenta  swimming  movements  are  more  common, 
whilst  in  rana  teynporaria  jumping  movements  prevail.  In  its  natural 
state  a  frog  performs  two  different  kinds  of  swimming  movements  ; 
ordinary  swimming,  that  is  symmetrical  and  synchronous  movement  of 
the  four  legs,  and  alternating  swimming  movements.     As  soon  as  the 

1  The  term  "shock"'  is  used  for  that  temporary  suppression  or  depression  of  nervous 
function  which  follows  immediately  upon  mechanical  injury  of  some  part  of  the  nervous 
system. 

-The  spinal  nerve  leaving  the  cord  between  the  first  and  second  vertebrae  is  reckoned  as 
the  first  spinal  nerve. 
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f«^re-part  of  the  body  meets  an  obstacle  when  swimming  in  the  ordinary 
way  the  movements  become  alternate;  then  the  extended  right 
fore-limb  is  flexed  and  adducted  to  the  chest,  and  the  flexed  and 
adducted  left  hind  limb  is  extended  with  force.  These  movements 
alternate  with  the  reverse  movements  o^'  the  contralateral  limbs  ;  they 
are  slower  and  less  strong  than  the  symmetrical  swimming  movements. 
On  reaching  land  this  alternating  movement  insensibly  develops  into 
creeping.  Alternate  swimming  is,  therefore,  the  transition  between 
swimming  and  creeping,  or  it  is  a  creeping  movenjent  in  water.  The 
jumping  movement  is  always  symmetrical,  consisting  chiefly  in  a  forced 
extension  of  both  hind  limbs.  All  these  movements  are  slightly 
modified  when  the  frog  is  suspended,  but  in  general  they  are  easily 
recognized. 

In  my  experiments  the  hook  that  pierced  the  nose  was  not  attached 
immediately  at  the  clamp,  but  was  held  by  another  hook  fixed  into 
the  clamp.  This  arrangement  allowed  rotation  to  occur  round  the 
vertical  axis  as  soon  as  the  animal  executed  a  movement  which  was 
not  strictly  symmetrical.  Most  observers  using  the  suspension  method 
of  Brondgeest  seem  to  have  attached  their  animals  in  a  similar  way, 
so  that  there  is  scarcely  any  doubt  that  the  reflexes  caused  by  these 
rotations  hampered  their  observations.  The  rotation  movements  which 
occur  in  my  arrangement  have  in  general  a  small  amplitude  and  a 
quickly  increasing  and  decreasing  angular  velocity.  The  frog  is  said  to 
rotate  clockwise  when  the  rotation  is  in  the  same  direction  as  the 
hands  of  a  watch  placed  with  the  dial  plate  upwards ;  when  the  move- 
ment is  reversed  we  say  that  the  frog  rotates  anti-clockwise. 

Such  a  rotation  stimulates  both  labyrinths  simultaneously  but  not 
to  the  same  degree.  Clockwise  rotation  stimulates  chiefly  the  left 
labyrinth,  anti-clockwise  the  right.  The  two  labyrinths  act  synergi- 
cally  in  the  reflex  movements  they  produce  ;  these  are  most  marked  in 
the  hind  limbs,  but  they  occur  in  the  fore  limbs  too.  The  movements 
of  the  hind  limbs  are  chiefly  extension  and  flexion ;  the  extension 
movement  begins  with  spreading  of  the  toes,  combined  with  forced 
extension  of  toes  and  foot,  followed  by  extension  at  the  knee-joint  and 
later  by  abduction  of  the  whole  leg  from  the  middle  line,  combined  with 
a  slight  ventral  adduction  at  the  hip-joint.  The  flexion  movement  com- 
mences with  adduction  of  the  toes,  associated  with  flexion  of  toes  and 
foot ;  then  flexion  at  the  knee-joint,  followed  by  adduction  of  the  whole 
leg  towards  the  middle  line,  and  a  slight  dorsal  adduction  at  the  hip- 
joint.     The  extension  movement  of  the  fore  limb  commences  with  a 
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slight  spreading  of  the  fingers,  followed  by  extension  of  the  arm  and 
abduction  from  the  body.  The  flexion  movement  begins  with  a  slight 
adduction  of  the  fingers,  associated  with  flexion  of  the  arm  and  adduc- 
tion of  the  whole  limb  against  the  chest.  The  reflex  movements  result- 
ing from  the  rotation  of  the  suspended  animal  are  shown  in  the 
following  synoptic  table. 


Animal  rotating  Anti-clockwise  (Right  Labyrinth  chiefly  stimulated). 

(  Right,  forced  extension. 
(  Left,  flexion. 
(  Right,  extension. 


I  Hind  limb 
Riglit  labyrinth  { 


Fore  limb 
^  {  Left,  flexion. 


Hind  limb 

Left  labyrinth     -, 

1 

I  Fore  limb 


I  Right,  extension,  weak  or  absent. 
(  Left,  slight  flexion. 
I  Right,  extension,  weak  or  absent. 
i  Left,  slight  flexion. 


When  the  animal  rotates  clockwise  it  is  the  left  labyrinth  which  is 
chiefly  stimulated,  and  the  resulting  reaction  may  be  deduced  from 
the  table  by  interchanging  right  and  left. 

The  movements  elicited  reflexly  from  the  labyrinths  are  rather  slow 
and  are  executed  with  considerable  force.  They  commence  in  the  toes 
and  foot  of  the  same  side  as  the  labyrinth  which  is  stimulated  by  the 
rotation,  so  that  when  the  animal  turns  clockwise  it  is  the  toes  of  the 
left  foot  which  first  spread.  If  the  stimulus  is  weak,  or  the  threshold 
high  owing  to  the  exhaustion  of  the  reflex,  the  only  obvious  reaction 
is  the  spreading  of  the  toes,  the  slight  extension  of  the  limb  often 
escaping  our  attention. 

The  reflex  elicited  by  the  rotation  of  the  suspended  frog  was  first 
described  and  recorded  photographically  by  Dusser  de  Barenne  [7],  who 
proved  its  labyrinthine  origin.  This  reflex  must  not  be  confounded 
with  the  automatism  provoked  by  suspending  the  frog  by  means  of  a 
twisted  string,  so  that  the  animal  turns  slowly  and  always  in  the  same 
direction.  Like  all  reflexes  in  the  suspended  animal,  the  rotatory 
seems  to  be  a  normal  reflex,  for  if  we  imagine  the  animal  in  its  natural 
position  with  its  four  legs  touching  the  j^round  the  extension  of  the 
limbs  of  one  side  would  check  rotation  round  its  cranio-caudal  axis. 
According  to  the  researches  of  Quick  [16],  this  is  the  normal  reflex 
movement  elicited  in  all  vertebrates  by  stimulation  of  the  semicircular 
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canals.  The  rotation  reflex  is  therefore  probably  a  normal  labyrin- 
thine reflex,  slightly  modified  by  the  suspended  position  of  the  animal. 

When  the  animal  has  been  suspended  for  some  time,  the  irritability 
of  the  semicircular  canals  is  increased  owing  to  the  abnormal  position, 
and  consequently  even  a  slight  degree  of  rotation  is  followed  by  a  reflex 
movement.  It  is  not  possible  to  eliminate  the  reflex  by  suspending  the 
frog  by  a  single  hook,  since  rotation  may  still  occur  owmg  to  the  elastic 
nature  of  the  tissues  in  which  the  hook  is  fixed ;  under  these  con- 
ditions the  excursions  are  greatly  diminished  and  easily  escape  our 
attention,  and  we  may  be  therefore  deceived  by  the  reflex  movements 
provoked  by  them. 

When  the  intact  frog  is  suspended  the  defence  automatism  is  the 
predominant  reaction,  and  when  it  is  eliminated  the  rotary  reflex 
usually  prevails.  As  soon  therefore  as  flight  movements  produce  a 
slight  rotation  of  the  animal,  they  are  suppressed  by  the  rotation  reflex. 
If  the  spinal  cord  of  the  frog  is  divided  between  the  second  and  third 
sninal  roots  the  defence  and  the  rotatory  reflexes  are  abolished,  and 
the  flight  reflexes  prevail.  The  swimming  and  jumping  movements,, 
however,  have  no  longer  the  same  precision  as  in  the  intact  animal, 
and  are  often  arrested  before  the  apparent  aim  of  the  movement  is 
attained ;  in  other  words,  the  automatism  subsides  into  a  simple 
sequence  of  spinal  reflexes. 

It  has  been  pointed  out  that  the  difference  in  the  position  of  the- 
two  hind  limbs  may  be  rendered  more  evident  by  immersing  the  frog 
in  water.  Water  being  a  dense  medium  of  approximately  the  same 
specific  density  as  the  tissues,  the  tensional  stresses  existing  in  the 
muscles  have  free  play  to  develop  their  strains  when  the  animal  is 
immersed.  But  water,  in  consequence  of  its  density,  also  restricts 
movements,  which  consequently  either  do  not  occur,  or  cease  earlier 
than  they  would  in  air.  But  the  reactions  observed  when  the  sus- 
pended frog  is  immersed  may  not  be  the  normal  ones,  since  the  immer- 
sion may  act  as  a  physiological  stimulus.  If  the  frog  is  lowered  slowly 
and  at  a  uniform  rate  and  no  farther  than  the  middle  of  its  body,  into 
water  of  exactly  the  same  temperature  as  the  room,  the  immersion  seems 
to  have  no  stimulating  effect,  but  if  these  precautions  are  neglected 
swimming  movements  are  often  elicited.  Immersion  into  water  of  much 
lower  temperature  than  the  room  seems  to  increase  the  flexion  of  the 
hind  legs,  but  not  to  influence  extension.  This  method  therefore  intro- 
duces many  sources  of  error  and  cannot  be  considered  an  improvement. 
The  suspension  of  a  normal  frog  by  a  hook  is  also  an  unsatisfactory 
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method,  and  I  should  not  have  employed  it  if  the  question  whether 
efferent  sympathetic  nerves  inliuence  the  tonic  state  of  the  muscles  had 
not  been  raised  by  de  Boer's  experiments  performed  by  it. 

In  an  earlier  publication  [10]  I  tried  to  shov7  that  muscle  tonus 
depends  upon  tw^o  different  properties  of  muscle,  and  that  these  two 
properties  are  governed  by  two  different  sets  of  efferent  nerves.  Shortly 
afterwards  and  independently,  Pieron  [14]  [15]  came  to  the  same 
conclusion.  The  first  property  of  the  tonic  muscle  is  plasticity.  A 
body  is  said  to  be  plastic  if  its  form  is  permanently  altered  when  a  stress 
to  which  it  is  subjected  is  removed.  It  follows  from  this  definition 
that  if  the  body  was  in  a  state  of  equilibrium  before  the  deformation,  it 
will  be  again  in  equilibrium  after  the  deformation.  If,  therefore,  the 
form  of  a  plastic  muscle  is  altered  for  a  moment  by  the  action  of 
internal  or  external  forces,  the  deformation  produced  by  these  forces  is 
partly  permanent.  The  greater  the  permanent  deformation  in  com- 
parison w^ith  the  total  change  of  form,  the  more  plastic  the  muscle. 
Hence,  if  a  muscle  contracts  a  shortening  remains,  while  if  it  is 
extended  by  the  action  of  its  antagonists  a  lengthening  is  the  result.: 
whereas  a  muscle  which  has  lost  its  plasticity  returns  after  each  change 
of  form  to  the  same  definite  length.  It  is  evident  that  a  permanent 
deformation  in  a  muscle  is  not  attended  by  a  continued  expenditure  of 
energy  nor  accompanied  by  rhythmic  electric  phenomena,  while  the 
production  of  a  permanent  deformation,  or  a  variation  in  an  existing 
deformation,  is  accompanied  by  the  expenditure  of  free  energy  and  by 
electric  phenomenal  Plasticity,  I  believe,  is  intimately  connected  with 
what  is  usually  called  the  "  trophic  state "  of  the  muscle,  and  the 
degree  of  plasticity  may  possibly  therefore  prove  to  be  a  measure  of  the 
trophic  state  of  muscular  tissue. 

Plastic  tonus  is  that  state  of  the  muscle  in  which  it  has  the 
properties  of  a  plastic  body.  This  term  is  chosen  to  indicate  that  the 
plasticity  of  muscle  is  maintained  and  controlled  by  the  central  nervous 
system.  As  shown  in  an  earlier  publication  [7],  an  isolated  muscle 
may  be  deprived  of  its  plasticity  by  physical  disturbances  of  the  same 
kind  as  occur  during  the  normal  function  of  the  muscle.  There  is, 
therefore,  no  doubt  that  the  maintenance  of  plasticity  is  a  function  of 
the  central  nervous  system.  Hence,  plastic  tonus  is  a  reflex  tonus.  It 
shows  itself  not  so  much  during  movement  as  after  movement.  It 
influences  therefore  the  attitude  of  the  animal,  and  its  diminution  or 

'  Electric  phenomena   have  been  observed  by   de   Meyer    [12]    in     non-permanent    de- 
formation of  muscle. 
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loss  must  alter  normal  postures.  Sherrington,  especially  [17]  in  his 
article  on  reflex  postural  activity,  called  attention  to  this  function  of 
the  tonic  muscle.  During  movements  plastic  tonus  influences  the 
steadiness  of  the  movement,  and  its  diminution  or  loss  is  revealed  by 
unsteadiness  of  movement. 

The  second  property  of  the  tonic  muscle  is  the  faculty  of  maintaining 
a  state  of  slight  contraction.  This  property  of  muscle  I  proposed  to 
call  contractile  to)ins.  It  is  the  reflex  tonus  of  Johannes  Miiller, 
Brondgeest,  de  Boer  and  of  most  of  modern  authors ;  it  is  now  generally 
admitted  that  it  is  maintained  and  controlled  by  the  central  nervous 
system.  When  in  a  state  of  contractile  tonus  the  muscle  is  not  in 
equilibrium,  but  in  a  state  of  slight  contraction.  For  this  reason  the 
maintenance  of  the  contractile  tonus  is  accompanied  by  the  expenditure 
of  free  energy  and  by  rhythmic  electric  phenomena ;  and  it  is  therefore 
intimately  connected  with  heat  production,  especially  in  the  homoio- 
thermic  animals.  The  view  that  reflex  tonus  comprises  two  components 
is  in  harmony  with  recent  morphological  researches  of  Boeke  [1],  as 
well  as  with  the  researches  of  Wertheim  Salomonson  [18]  on  the 
electric  phenomena  of  tonic  muscle. 

In  order  to  avoid  confusion,  I  will  use  the  word  "tonus"  as  the 
general  term,  comprising  the  two  components,  plastic  and  contractile 
tonus.  The  part  played  by  each  of  the  two  components  in  the  joint 
results  is  left  indeterminate.  The  terms  "plastic  tonus"  and  "con- 
tractile tonus"  will  always  be  used  strictly  in  the  sense  defined  above. 

The  first  group  of  experiments  was  made  on  intact  frogs,  the  spinal 
cord  not  being  cut.  The  seventh,  eighth  and  ninth  rami  communicantes 
were  divided  on  the  right  side.  As  soon  as  the  animal  is  released,  a 
quarter  of  an  hour  after  the  operation,  it  immediately  regains  its  natural 
position  and  jumps  away  ;  when  placed  in  the  basin  it  swims.  The 
voluntary  movements  seem  almost  normal,  but  the  animal,  when 
jumping  or  swimming,  often  deviates  a  little  from  the  straight  line. 
On  squatting  immediately  after  having  made  a  jump,  the  attitude  is 
abnormal  (fig.  1).  The  trunk  deviates  to  the  left,  the  right  hind  limb 
is  abducted  from  the  body,  the  knee  points  laterally  and  the  foot  is  not 
covered  by  the  leg ;  the  area  of  the  limb  in  contact  with  the  ground  is 
larger  than  on  the  normal  side.  It  is  evident,  on  examining  the  mid- 
dorsal  line,  that  the  superior  part  of  the  trunk  forms  an  obtuse  angle 
with  the  inferior  part.  Below  the  level  of  this  angle  on  the  right  side 
the  papillae  of  the  skin  are  flattened  and  the  skin  itself  is  darker.     On 
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the  photograph  reproduced  in  fig.  1,  these  changes,  characteristic  of  loss 
of  function  of  the  sympathetic  system,  are  very  striking  upon  the  trunk, 
but  they  exist  also,  though  less  distinctly,  upon  the  right  hind  limb. 
When  the  animal  sits  quietly  the  curvature  of  the  trunk  gradually 
diminishes  in  the  course  of  some  minutes,  but  a  slight  deviation 
remains.  The  abnormal  position  of  the  hind  limb  is  usually  also 
corrected,  but  as  this  correction  takes  place  abruptly  it  gives  the 
impression  of  volitional  movement.  The  slight  deviation  of  the  trunk 
at  rest  persists  for  a  period  of  four  to  six  weeks,  and  then  disappears  in 


Fig.  1.— Normal  frog  {R.  esculenta).  Section  of  the  seventh,  eighth  and  ninth  rami 
communicantes  on  the  right  side  ;  photograph  on  the  following  day  to  show  the  attitude  of 
the  animal  three  niinutes  after  having  made  a  jump. 


consequence  of  gradual  compensation,  which  may  go  so  far  as  to  lead  to 
slight  deviation  of  the  trunk  to  the  opposite  side.  As  I  will  show  later, 
it  is  impulses  emanating  from  the  left  labyrinth  which  bring  about 
this  compensation.  As  soon  as  the  frog  comes  to  rest  and  floats  upon 
the  water  after  swimming,  the  right  hind  leg  is  not  adduced  to  the 
body,  but  remains  partly  extended  and  hangs  down  (fig.  2).  Sometimes 
extension  is  the  most  striking  feature,  at  other  times  it  is  drooping  of 
the  leg.  In  consequence  of  this  abnormal  attitude,  the  frog  no  longer 
floats  symmetrically,  but  the  right  half  of  the  body,  and  especially  its 
posterior  part,  is  more  submerged.  When  floating  quietly  this 
abnormal    position    may   persist  for  a    long   while,   but   it  is    usual!} 
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corrected,  apparently  volitionally,  in  the  course  of  some  minutes. 
The  abnormal  attitude  of  the  hind  limb  is  permanent  and  may  be 
observed    for    several    weeks    after   the    operation    (fig.  3)  ;    complete 


Fig.  2. — Normal  frog  (R.  esculcnta).  Section  of  the  seventh,  eighth  and  ninth  rami  coni- 
municantes  on  the  right  side  on  December  27,  1921.  Photographed  next  day  as  the  animal 
floated  on  water.  The  right  side  of  the  body  is  more  deeply  submerged,  and  the  right  hind 
limb  hangs  down. 


Fig.  3. — Normal  frog  (B,.  esctilenta).  Section  of  the  seventh,  eighth  and  ninth  rami  com- 
xnunicantes  on  the  right  side  on  January  4,  1922.  Photographed  on  January  28,  1922,  as 
the  frog  floated  in  water;  front  view.  The  right  half  of  the  V)ody  is  more  deeply  submerged, 
and  the  right  hind  limb  is  more  extended  and  hangs  lower.     Same  animal  as  in  fig.  4. 

compensation  did  not  occur  in  the  course  of  my  experiments.  These 
different  abnormal  postures  are  easily  observed  in  rana  escti- 
lenta ;    in   rana  temporarla   they  are  often    absent    shortly    after   the 
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operation  in  consequence  of  local  shock,  and  later  they  are  mostly 
obscured  by  the  restlessness  and  lively  movements  of  these  animals. 

When  the  frog  is  suspended  immediately  after  the  operation^  the 
right  hind  limb  is  extremely  flabby,  more  extended  and  slightly  longer 
than  the  normal  one.  The  flabbiness  of  the  limb  is  the  most  striking 
phenomenon  and  is  always  present.  It  maybe  demonstrated  by  quickly 
moving  the  frog  to  and  fro;  then  the  right  limb  swings  more  easily, 
the  amplitude  of  its  movement  is  larger  and  it  continues  to  swing 
after  the  normal  limb  has  come  to  rest.  If  jerked  up  and  down  its 
movements  are  irregular,  whereas  the  normal  limb  moves  more 
smoothly.  The  flabbiness  of  the  musculature  is  also  shown  by  the 
form  of  the  leg  (fig.  5).  The  calf  is  flattened  and  the  pretibial 
muscles  hang  down  along  the  bone  so  that  their  greatest  prominence  is 
slightly  low^er  than  on  the  normal  side.  Similar  differences  may  be 
observed  between  the  two  thighs.  The  flabbiness  of  the  hind  limb 
gradually  diminishes  in  the  course  of  the  first  day  after  the  operation, 
but  then  remains  approximately  unchanged  for  at  least  two  months. 
What  happens  after  this  period  I  do  not  know. 

On  comparing  the  attitudes  of  the  hind  limbs  when  the  frog  is  sus- 
pended during  the  first  hour  after  operation,  it  is  evident  that  the  right 
limb  is  more  extended  and  that  the  right  foot  droops.  The  increase  in 
the  length  of  the  limb  is  chiefly  due  to  this  abnormal  position  of 
the  foot.  When  measured  bj'  means  of  a  horizontal  microscope  it 
amounts  to  approximately  3  to  4  mm.  in  a  middle-sized  frog  of  about 
185  mm.  in  length  from  nose  to  toe.  In  some  cases  the  difference  may 
reach  5  mm.  immediately  after  the  operation.  If  the  animal  is  then  care- 
fully immersed  in  water  the  difference  in  the  position  of  the  legs 
becomes  more  obvious,  and  the  flabbiness  of  the  limb  is  more  evident, 
for  even  the  slightest  vibration  of  the  fluid  is  communicated  to  it, 
whilst  the  normal  leg  remains  at  rest.  Some  time  after  the  operation 
the  difference  in  position  and  in  length  of  the  two  legs  begins  to 
diminish.  If  the  operation  was  performed  carefully  recovery  sets  in 
within  an  hour,  but  if  done  roughly  it  may  persist  several  hours.  At 
the  end  of  the  first  day,  a  state  is  usually  reached  which  seems 
stationary  for  several  days,  till  compensation  becomes  perceptible.  In 
this  stage,  the  difference  in  length  between  the  two  legs  amounts  to  1"5 
to  2'5  mm.  when  the  animal  is  hangmg  quietly. 

^  The  descending  root  of  the  nervus  trigeminus  reaches  the  lumbar  region  of  the  cord  in 
the  frog.  If,  therefore,  the  hook  piercing  the  nose  deviates  a  little  from  the  middle  line, 
e.g.,  to  the  right,  flexion  reflexes  may  be  evoked  in  the  light  hind  limb  by  stimuli 
emanating  directly  from  the  wound  made  by  the  hook. 
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In  experiments  in  which  the  operation  happened  to  be  easy  and 
stretching  the  sympathetic  chain  and  the  rami  communicantes  could  be 
avoided,  I  observed  that  immediately  after  the  operation  the  right  limb 
was  more  flexed  and  shorter  than  the  normal  one,  but  in  the  course  of 
the  first  hour  it  became  slightly  more  extended  and  longer  than  the 
left  as  the  animal  was  hanging  quietly.  In  these  cases  the  final  elonga- 
tion never  exceeded  25  mm.  I  am  inclined  to  believe  that  in  this 
instance  the  local  shock  was  very  slight,  and  that  the  section  of  the  rami 
communicantes  may  have  acted  as  a  stimulus. 

As  soon  as  the  frog  is  suspended  immediately  after  the  operation  it 
usually  makes  defence  movements.  When  this  reaction  to  its  abnormal 
position  has  ceased  spontaneously  or  is  suppressed  by  a  drop  of  cocaine 
solution,  the  rotatory  reflexes  and  those  elicited  from  the  skin  are  either 
abolished  or  strongly  diminished  on  the  right,  and  often  slightly 
depressed  on  the  normal  side  too,  in  consequence  of  the  local  shock 
produced  by  the  section  of  the  rami  communicantes.  The  degree  of 
depression  of  the  reflexes  depends  chiefly  upon  the  manner  in  which  the 
operation  was  performed  ;  if  easy  the  depression  is  slight  and  of  short 
duration  ;  if,  on  the  other  hand,  difficult  and  attended  by  stretching  of 
the  sympathetic  chain,  the  depression  is  deep  and  prolonged.  The  first 
reflex  that  can  be  elicited  is  always  the  rotatory  reflex.  It  reappears 
during  the  first  hour  after  the  operation  and  long  before  the  stationary 
state  is  reached,  in  which  the  elongation  of  the  right  hind  limb  amounts 
to  no  more  than  1"5  to  "i'S  mm.  It  is  evident,  as  the  local  shock  is 
disappearing,  that  the  reflex  movements  provoked  by  the  stimulation  of 
the  right  labyrinth  are  diminished,  so  that  the  movements  evoked 
from  the  left  labyrinth  become  preponderant.  The  depression  of  the 
function  of  the  labyrinth  on  the  side  on  which  the  rami  communicantes 
are  cut  remains  permanent  during  the  whole  period  of  observation,  and 
one  gets  even  the  impression  that  the  predominance  of  the  left  labyrinth 
increases  rather  than  decreases.  A  glance  at  the  table  on  p.  437  will 
make  it  clear  that  the  predominance  of  the  left  labyrinth  causes 
extension  to  prevail  in  the  left  hind  limb  and  flexion  in  the  right  hind 
limb  (fig  4).  Moreover,  the  abnormal  position  of  the  animal  increases 
the  irritability  of  the  labyrinths,  so  that  even  the  slightest  and  hardly 
perceptible  rotation  provokes  a  reflex  movement.  As  a  result  of  the 
manner  in  which  the  animal  is  suspended  there  is  probably  no  active 
movement  which  is  not  accompanied  by  a  rotatory  component,  and 
the  labyrinths  are  therefore  incessantly  stimulated.  The  rotatory  reflex, 
as  already  said,  is  strongly  dominant,  and  therefore  after  each  active 
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movement  of  the  animal  the  right  limb  is  temporarily  shortened  and 
the  left  limb  temporarily  extended.  This  is  the  reason  why  Dusser 
de  Barenne  [6]  observed  shortly  after  the  operation  that  the  hind 
limb  on  the  side  on  which  the  rami  communicantes  are  severed  is 
shorter  than  that  on  the  normal  side.  It  is  only  during  the  period 
of  local  shock,  when  the  rotatory  reflex  cannot  be  elicited,  or  at  the 
moments  when  the  labyrinthine  reflexes  are  exhausted,  or,  finally, 
when  the  animal  has  been  hanging  quietly  for  at  least  a  quarter  of  an 
hour,  that  the  elongation  following  section  of  the  rami  communicantes 


Fig.  4.— Normal  frog  (R.  esciilenta).  Section  of  the  seventh,  eighth  and  ninth  rami  com- 
municantes on  the  right  side  on  January  4,  1922;  photographed  -January  25,  1922.  The 
flexion  of  the  right  hind  limb  when  suspended  is  due  to  predominance  of  the  left  labyrinth. 
The  same  animal  is  shown  in  fig.  .3. 


can  be  observed  in  the  frog  in  which  the  spinal  cord  is  intact.  I 
have  also  tried  to  demonstrate  the  difference  in  function  between  the  two 
labyrinths  by  placing  the  frog  upon  a  rotating  disk.  The  correction 
movements,  however,  are  chiefly  executed  by  the  head  and  those  parts 
of  the  trunk  lying  above  the  level  where  the  rami  are  divided.  The 
method  afforded,  therefore,  no  definite  results. 

The  reflexes  that  return  next  are  those  elicited  from  the  skin.  The 
first  to  appear  is  the  simple  flexion  reflex,  quickly  followed  by  swimming 
movements,  especially  in  rana  esculcnta,  and  by  juujping  movements  in 
rana  temporaria.  The  swimming  and  jumping  movements  often  appear 
quasi-spontaneous.      From    the   first    moment    that    all    these    reflexes 
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reappear,  it  is  evident  that  the  movements  of  the  right  Hmb  lack 
steadiness  ;  they  resemble  in  this  respect  the  movements  in  locomotor 
ataxia.  This  unsteadiness  is  a  consequence  of  the  diminution  of  the 
plasticity  of  the  muscles,  and  may  be  observed  for  at  least  several  days 
after  the  operation.  For  the  same  reason  the  deformation  of  the  muscle 
after  a  contraction  or  after  stretching  is  diminished  on  the  right  as 
compared  with  the  normal  side.  The  right  hind  limb,  having  executed 
a  movement,  returns,  therefore,  more  nearly  to  its  inherent  equilibrium 
length  than  the  normal  one.  It  follows  from  these  considerations  that 
the  difiference  in  length  of  the  two  hind  limbs,  as  soon  as  the  local  shock 
has  passed  away,  is  not  a  fixed  quantity,  but  depends  chiefly  upon  what 
happened  just  before  the  limbs  were  at  rest.  Owing  to  the  predominance 
of  the  rotatory  reflex  the  right  hind  limb  is  more  likely  to  be  shorter  at  a 
moment  arbitrarily  chosen  than  the  normal  one.  This  fact  was  actually 
observed  in  the  frog  by  Yas  Kuno  [9]  and  by  Negrin  y  Lopez  in  co- 
operation with  von  Brucke  [10],  in  the  cat.  It  was  erroneously 
considered  by  these  observers  as  being  in  contradiction  with  de  Boer's 
observations. 

Summarizing  the  result  of  this  group  of  experiments,  we  conclude  : 
Section  of  the  seventh,  eighth,  and  ninth  rami  communic antes  in  the 
frog  is  folloiced  by  local  shock  of  the  'primary  reflex  arcs  of  the  spinal 
cord.  During  the  period  of  shock,  the  loss  of  tonus  is  complete  {de 
Boer  [2]).  As  soon  as  the  shock  has  passed  off  the  loss  of  tonus  is 
only  2}(t>'fi(tl  (Dusser  de  Barenne  [6]).  As  a  result  of  section  of  the 
rami  communicantes,  the  muscles  lose  a  great  deal  of  their  plasticity . 
The  diminution  of  the  ijlasticity  of  the  muscles  shores  itself  most 
distinctly  i?i  the  attitudes  of  the  animal,  hut  the  movements  also  lack 
steadiness.  The  results  of  diminution  of  plasticity  are  gradually 
compensated  by  stimuli  emanating  from  the  labyrinths,  especially  from 
tJie  labyrinth  opp)Osite  the  side  on  which  the  rami  communicantes  are 
divided. 

The  second  group  of  experiments  was  also  made  on  intact  frogs.  In 
this  group,  the  seventh,  eighth,  and  ninth  posterior  roots  were  divided 
on  the  right  side.  As  soon  as  the  animal  is  released,  approximately  a 
quarter  of  an  hour  after  the  section  of  the  roots,  it  regains  its  natural 
position.  The  attitude  of  the  animal  is  normal,  with  the  exception  that 
the  right  hind  leg  is  flabby  and  trails  behind  the  body  in  consequence 
of  local  shock  produced  by  the  section  of  the  roots.  In  the  course  of 
the  first  half-hour  after  the  operation  the  leg  begins  to  flex  slightly  and 


ON    MUSCLE    TONUS  447 

to  adduct  a  little  to  the  body.  When  in  this  period  of  recovery  the 
animal  floats  upon  the  water  in  a  basin,  the  hind  lirub  is  flexed, 
and  brought  almost  into  its  normal  position.  At  the  end  of  the  first 
day  the  right  hind  limb  is  still  a  little  flabby.  When  the  animal  is 
squatting,  the  hind  limb,  in  consequence  of  this  flabbiness,  projects  a 
little  from  the  body,  and  a  greater  surface  of  the  leg  touches  the  ground 
than  on  the  normal  side.  Owing  to  the  same  reason  the  right  heel  is 
lower  than  the  left.  Sometimes  the  leg  is  more  flexed  than  normal  at 
the  knee  and  the  ankle  joints,  especially  when  the  animal  sits  after 
having  made  a  jump.  This  deviation  from  the  normal  position  occurs 
only  after  the  movement  described  by  Hering  [8]  as  the  "  tilt 
phenomenon."  If  the  operation  has  been  successful  and  local  shock 
slight,  the  state  of  the  animal  immediately  after  it  is  approximately  the 
same  as  it  usually  is  at  the  end  of  the  first  hour. 

When  the  animal  is  suspended  directly  the  operation  is  terminated, 
the  position  of  the  right  hind  limb,  as  de  Boer  has  stated,  is  exactly 
the  same  as  it  is  after  section  of  the  rami  communicantes.  The 
difference  in  length  between  the  two  legs  amounts  at  most  to 
5  mm.  in  a  frog  of  normal  size.  This  agreement  in  position  and  in 
elongation  is  due  to  the  fact  that  in  both  instances  the  operation 
produces  a  severe  local  shock  of  the  primary  reflex  arcs  of  the  spinal 
cord,  in  consequence  of  which  there  is  temporarily  a  complete  loss  of 
tonus.  In  the  course  of  the  first  day  after  the  operation,  the  difference 
in  the  position  and  length  of  the  two  legs  diminishes,  and  finally  the 
length  of  the  right  hind  limb  does  not  exceed  the  length  of  the  normal 
one  by  more  than  1  to  2  mm.  This  difference  is  still  present  a  week 
after  the  operation.  The  rotatory  reflex  reappears  within  the  first 
half-hour.  At  first  the  flexion  and  the  extension  of  the  right  limb  are 
somewhat  feeble,  but  soon  the  difference  between  the  reflex  move- 
ments of  the  two  sides  is  har.dly  perceptible.  When  the  operation  has 
produced  but  little  shock,  the  rotatory  reflex  may  be  present  from  the 
first  moment,  and  movement  is  almost  normal — the  only  difference 
between  the  two  sides  being  a  slight  diminution  of  the  steadiness  of 
the  movement  of  the  right  limb.  This  unsteadiness  is  only  perceptible 
during  that  phase  of  the  reflex  movement  in  which  the  foot  is  extended 
and  the  toes  spread.  When  the  animal  has  been  suspended  for  a  time 
even  the  slightest  rotation  provokes  a  reflex  movement.  This  proves 
that  the  labyrinths  become  more  irritable  owing  to  the  abnormal 
position  of  the  animal. 

Summarizing  the   results  of  this  second  group  of  experiments,  we 
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may  conclude:  Section  of  the  sevenfli,  ciiiJitli,  and  nintJi  j^osterior  roots 
in  the  frog  is  folloired  by  local  sJiocJx  of  the  primary  reflex  arcs  of  the 
spinal  cord.  During  the  period  of  sJiock  the  loss  of  tonus  is  complete, 
as  Brondgeest  has  stated  [4].  As  soon  as  the  shock  has  passed  off,  a 
diminution  of  tonus  remains.  The  postures  and  moi'ements  of  the 
animal  are  approximatelij  normal,  so  that  tJir  diminution  of  tonus  seems 
chiefly,  tJiough  not  exclusively,  due  to  a  decrease  of  contractile  tonus. 
The  rotatory  reflex  is  not  permanently  influenced  by  section  of  tJie 
posterior  roots. 

The  third  group  of  experiments  was  made  on  frogs  in  which  the 
spinal  cord  had  been  divided  between  the  second  and  third  spinal  roots. 
When  the  animal  is  released,  approximately  ten  minutes  after  the 
section  of  the  cord,  it  usually  regains  its  squatting  position  when  put 
upon  the  table  in  the  proper  manner.  Its  posture,  however,  is  more 
crouchmg  than  it  was  before.  Eecovery  from  shock  begins  in  the 
course  of  the  first  day  after  the  section,  and  then  the  reflexes  gradually 
reappear.  When  the  animal  is  suspended,  the  loss  of  tonus  produced 
by  the  shock  is  complete  in  the  distal  part  of  the  body  ;  the  hind  limbs 
are  flabby  and  the  heels  often  touch  each  other.  As  soon  as  recovery 
sets  in  the  tonus  returns,  at  first  in  the  more  proximal  parts  of  the 
limb,  later  in  the  foot  and  the  toes.  The  reflexes  that  may  now  be 
elicited  are  the  flexion  and  swimming  reflexes.  The  irritability  of  the 
preparation  increases  as  the  shock  passes  off,  so  that  the  slightest  touch 
of  the  skin,  or  even  an  insignificant  jar,  elicits  a  reflex.  Flexion  move- 
ments now  prevail,  since  the  extension  reflex  emanating  from  the 
labyrinth  is  abolished.  In  consequence  of  the  predominance  of  the 
flexion  movements  the  permanent  deformation  of  the  muscles  is  in  the 
same  direction,  and  so  the  well-known  flexion  contractures  develop. 

When  the  shock  following  the  section  of  the  spinal  cord  has 
largely  subsided,  approximately  twenty-four  hours  after  the  operation, 
the  seventh,  eighth  and  ninth  rami  communicantes  are  divided  on  the 
right  side.  The  local  shock  following  the  section  is  usually  not  so 
severe  as  when  the  cord  is  intact.  The  phenomena  which  may  be 
observed  in  the  suspended  animal  are  qualitatively  the  same  as  when 
the  cord  is  intact.  When  tonus  returns  the  right  hind  limb  remains 
flabby  and  is  slightly  longer  than  the  normal  (fig.  5).  The  difference 
in  length,  however,  never  exceeds  1  to  1'5  mm.,  and  usually  amounts 
to  1  mm.  only.  As  this  slight  difference  in  length  is  not  very  obvious, 
it  is  the  flabbiness  of  the  hind  limb  and  the  unsteadiness  of  its  move- 
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ments  which  more  clearly  reveal  the  diminution  of  plasticity.  The 
flabbiness  of  the  limb,  though  diminished,  still  exists  on  the  tenth  day 
after  the  operation ;  I  did  not  observe  the  animals  for  a  longer  period. 
The  unsteadiness  may  be  demonstrated  by  gently  squeezing  the  two 
feet  simultaneously ;  then  the  hind  legs  are  raised  and  adducted  to  the 
body  as  if  the  frog  were  sitting,  but  the  right  limb  is  not  so  much 
adducted  as  the  left,  and  falls  abruptly  when  giving  up  this  position. 
The  left  hind  limb  maintains  the  position  somewhat  longer  and  then 
falls  slowly,  often  by   steps.     When  the  right  leg  is  actively  extended 


Fig.  5. — The  spinal  cord  was  transected  1-5  mm.  below  the  calamus  scriptorius  on 
January  9  at  1  p.m.  At  1.30  p.m.  division  of  the  sixth,  seventh,  eighth,  ninth  and  tenth 
rami  communicantes  on  the  right  side.  Photographed  at  1.30  p.m.  on  the  following  day 
to  show  the  difference  in  position  and  length  of  the  hind  limbs  when  the  animal  was  partly 
in^mersed  in  water.  The  right  limb—and  especially  its  distal  part— is  surrounded  by  a  halo, 
owing  to  slight  vibration  transmitted  to  this  limb  from  the  water;  it  affected  this  liinb  only! 


the  movement  is  also  abrupt,  and  the  leg  often  passes  for  a  moment 
its  position  of  equilibrium.  On  stimulating  the  two  feet  simultaneously, 
I  often  got  the  impression  that  the  right  limb,  the  rami  communicantes 
to  which  were  divided,  w^as  not  so  irritable  as  the  other.  I  sometimes 
observed  a  slight,  hardly  perceptible  flexion  of  the  left  leg  occurring 
to  all  appearances  spontaneously;  and  while  in  this  flexed  position, 
which  may  be  maintained  for  several  minutes,  the  reflex  irritability  of 
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the  leg  was  considerably  increased,  so  that  even  touching  the  foot  with 
the  poitit  of  a  fine  human  hair  provoked  a  vigorous  flexion  reflex.  I 
have  the  impression  that  this  slight  flexion  of  the  leg  is  the  same 
phenomenon  as  the  shortening  of  the  muscle  which  always  precedes  a 
muscle  clonus  [11].  In  both  instances,  I  believe,  the  shortening  is 
due  to  impulses  reaching  the  muscle  from  the  sympathetic  system.  In 
several  experiments  the  succession  and  the  interval  of  time  between 
the  two  operations  was  varied,  but  the  chief  results  were  always  the 
same. 

Summarizing  the  results  of  the  third  group  of  experiments,  we 
may  conclude  :  Section  of  the  spinal  cord  hetireen  tJie  second  and  third 
spinal  roots  is  aluays  followed  hy  severe  shock  in  the  distal  part  of  the 
body.  During  the  period  of  shock  the  loss  of  tonus  is  complete,  and 
when  the  shock  has  passed,  a  diminution  of  the  tonus  remains.  Sub- 
sequent section  of  the  seventh,  eighth  and  ninth  rami  covwmmic antes 
produces  a  diminution  of  the  plasticity  of  the  muscles  of  the  hind 
limb.  After  the  section  of  the  spinal  cord,  the  rotatory  reflex  is 
abolished. 

The  fourth  group  of  experiments  was  made  on  frogs  in  which  the 
spinal  cord  was  only  partially  cut  through.  The  experiments  in  which 
the  section  of  the  spinal  cord  between  the  second  and  third  spinal 
roots  was  proved  by  autopsy  to  be  incomplete,  taught  that  the  rotatory 
reflex,  though  feeble,  may  still  be  elicited  if  the  external  part  of  the 
antero-lateral  tract  and  the  zona  marginalis  only  are  left  intact.  A 
certain  number  of  fibres  subserving  the  reflex  reach,  therefore,  these 
regions  of  the  spinal  cord   at  the  level  not  below  the    second   spinal 

nerve. 

In  another  set  of  experiments  the  more  lateral  region  of  the  medulla 
oblongata,  l"o  mm.  above  the  calamus  scriptorias,  was  cut  through  on 
one  side.  The  more  medial  region  of  the  oblongata,  containing  the 
fasciculus  longitudinalis  posterior,  was  always  spared.  I  divided  there- 
fore the  formation  known  in  the  higher  vertebrates  as  the  corpus 
restiforme.  The  effect  upon  the  posture  of  the  animal  resembles  that 
produced  by  the  section  of  the  rami  communicautes,  but  is  much  more 
pronounced  and  extends  over  the  whole  side  of  the  body  on  which  the 
corpus  restiforme  is  divided,  so  that  when  swimming  or  jumping  the 
animal  deviates  considerably  from  the  straight  line,  and  when  squatting 
the  whole  body  is  curved  to  one  side.  The  rotatory  reflex  emanating 
from  the  labyrinth  on  the  side  on  which  the  corpus  restiforme  is  injured 
is  abolished. 
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Summarizing  the  results  of  this  fourth  group  of  experiments,  we 
may  conchide  :  Tlie  fibref:  co)idncti)i(/  tonic  impulses  from  tJie  lahijrinth 
to  the  muscles  pass  by  the  way  of  the  corpus  restiforvie ;  a  certain 
part  of  the  fibres  subserving  tlie  rotatory  re^ex  enters  the  tractus  antero- 
lateralis  of  the  spinal  cord. 

The  results  of  this  research  have  led  to  a  scheme  of  the  primary  spinal 
reflex  arcs  which  differs  from  the  current  conception.  While  I  was 
completing  this  scheme,  Bok  [3]  published  his  morphological  researches- 
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Fig.  6. — Scheme  of  the  primary  spinal  reflex  arcs.  C.v.a.,  commissura  ventralis  alba. 
Ext.c,  exteroceptor.  G.int.,  gaoglion  intervertebrale.  G.symp.,  ganglion  sympathicum. 
Int.c,  interoceptor.  N.i.l.,  nucleus  intermedio-lateralis.  N.i.m.,  nucleus  intermedio- 
medialis.  N.m.c.a.,  nucleus  mofcorius  cornu  anterioris.  N.c.p.,  ni:cleus  proprius  cornu 
posterioris.  Prop.c,  proprioceptor.  Rd.d.VIII,  radix  descendeus  nervi  vestibularis.  Rd.a., 
radix  anterior.  Rd.p.,  radix  posterior.  Rni.c,  ramus  communicans.  Tr.l.v.,  tractus 
latero-ventralis.     Tr. m.l.,  tractus  medio-lateralis. 


on  the  structure  of  the  spinal  cord.  The  results  at  which  we  had 
arrived  independently  agreed  so  closely  that  we  have  tried  together  to 
plan  a  scheme  of  the  primary  reflex  arcs  of  the  cord.  In  fig.  6  this 
scheme  is  reproduced.  We  started  with  the  idea  that  the  primary 
spinal  reflex  arcs  subserve,  in  the  first  place,  the  more  primitive  spinal 
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reflexes.  The  primitive  exteroceptive  reflexes  elicited  from  the  skin 
are,  in  our  o[)inion,  the  nociceptive  withdrawal  reflexes,  of  which  the 
simple  flexion  reflex  is  the  most  common  type.  The  primitive  pro- 
prioceptive reflex  initiated  in  the  motor  apparatus  itself  is  tonus.  The 
labyrinth,  in  as  far  as  its  impulses  help  to  maintain  tonus,  we  associate 
for  well-known  reasons  with  the  proprioceptive  system.  The  primary 
spinal  reflex  arcs  are,  we  believe,  homosegmental.  at  least  in  those 
cases  in  which  the  primitive  segmental  character  of  the  sympathetic 
system  is  still  preserved.  When,  however,  the  outflow  of  the  sym- 
pathetic fibres  from  the  central  nervous  system  contracts  and  becomes 
confined  to  the  thoraco-lumbal  part  of  the  cord,  this  primitive  char- 
acter of  the  primary  reflex  arc  is  of  course  modified.  Assuming  that 
the  primary  reflex  arc  in  the  lumbal  region  of  the  frog's  spinal  cord 
is  still  homosegmental,  we  reproduce  in  our  scheme  only  those  ele- 
ments which  appear  in  a  sequence  of  cross-sections  of  a  single  spinal 
segment.  The  new  fact  incorporated  in  this  scheme  is  represented 
by  the  nucleus  intermedio-medialis.  (C'ajal  [o],  Bok  [8].)  By  the 
intermediation  of  the  cells  of  this  nucleus  the  stimuli  reaching  the 
cord  by  way  of  the  posterior  roots  are  distributed  over  the  efferent 
sympathetic  cells  of  the  nucleus  intermedio-lateralis  and  to  the  motor 
cells  of  the  anterior  horn,  reaching  first  the  efferent  sympathetic  cells 
and  then  the  motor  cells  of  the  anterior  horn.  The  nucleus  intermedio- 
medialis  is,  therefore,  the  final  common  centre  of  the  primary  spinal 
reflex  arcs. 

In  order  that  this  scheme  may  not  l^e  misunderstood  we  call  atten- 
tion to  the  fact  that  the  more  complicated  combinations  of  movements, 
especially  progression  and  active  attitude,  are  initiated  by  stimuli 
emanating  from  centres  lying  above  the  medulla  oblongata.  The 
fibres  connecting  these  centres  with  the  spinal  motor  centres  enter  the 
antero-lateral  tract  above  the  level  of  the  primary  motor  centres  where 
they  terminate.  These  fibres  are  present  in  large  numbers,  but  have 
been  omitted  in  the  scheme  as  not  pertaining  to  the  primary  spinal 
mechanism.  For  the  same  reason  there  have  been  omitted  the 
labyrinthine  fibres  that  enter  the  antero-lateral  tract  above  the  level 
of  the  second  spinal  nerve,  as  well  as  all  intersegmental  associative 
fibres. 

On  the  basis  of  this  scheme  we  may  now  say  more  precisely  what  is 
meant  by  the  word  "local"  in  the  term  "  local  shock."  On  dividing 
the  rami  communicantes  it  is  clear  that  shock  affects,  in  the  first  place, 
the  sympathetic  efferent  section  of  the  primary  spinal  reflex  arc,  i.e., 
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the  nucleus  intermedio-lateralis,  and  that  when  it  spreads  it  reaches  the 
nucleus  intermedio-medialis.  Similarily  division  of  the  posterior  roots 
causes,  in  the  first  place,  shock  in  the  afferent  section  of  the  primary 
spinal  reflex  arc,  i.e.,  in  the  nucleus  proprius  cornu  posterioris  ;  then 
the  shock  extends  to  the  nucleus  intermedio-medialis.  The  fact  that 
shock  affects  the  nucleus  intermedio-medialis  after  section  of  the  rami 
communicantes,  as  well  as  on  section  of  the  posterior  roots,  is  the 
reason  of  the  close  correspondence  m  the  state  of  the  animal  immediately 
after  those  two  operations. 

In  conclusion,  I  have  to  thank  my  colleague.  Professor  Zwaarde- 
niaker,  who  in  the  most  courteous  manner  placed  his  laboratory  at  my 
disposal. 
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THE  CENTRAL  CONNECTIONS  OF  THE  VESTIBULAR 
NUCLEI  WITH  THE  CORPUS  STRIATUM,  AND  THEIR 
SIGNIFICANCE  FOR  OCULAR  MOVEMENTS  AND  FOR 
LOCOMOTION. 

BY  L.  J.  J.   MUSKENS,  AMSTEEDAM. 

The  main  facts  about  the  cerebrofugal  tracts  have  been  known  for 
some  considerable  time,  but  it  is  only  of  late  that  even  a  preliminary 
knowledge  of  the  central  ascending  connections  of  the  cerebral  sensory 
nerves  have  been  attained. 

Monakow,  Cajal,  van  Gehuchten,  Probst,  Horsley,  0.  and  C.  Vogt, 
and  Sachs  have  pointed  out  the  great  importance  of  the  thalamic  nuclei 
as  central  stations  for  all  corticopetal  connections. 

Wallenberg,  Spitzer,  van  Gehuchten,  and  Hoesel  were  among  the 
first  to  investigate  the  central  connections  of  the  more  important 
sensory  nerves — the  N.  trigeminus  and  N.  vestibularis.  As  a  result  of 
these  investigations  a  certain  amount  of  light  was  thrown  on  the 
cerebropetal  tracts  of  the  N.  trigeminus,  but  very  little  was  learned 
about  the  central  connections  of  the  N.  vestibularis.  It  is  a  curious  fact 
that  although  physiological  and  anatomical  data  indicate  the  importance 
of  these  central  connections,  practically  nothing  was  for  long  known 
about  them.  This  is  evident  in  Horsley's  Boyle  lecture  of  1905,  since 
in  this  lecture  support  is  given  to  Mill's  supposition  that  vestibular 
ascending  connections  arrive  in  the  temporal  convolutions.  This  view 
is,  however,  not  accepted  by  Winkler,  Kappers  and  Brouwer,  who 
regard  the  lateral  fillet  as  the  pathway,  or  one  of  the  pathways,  for 
ascending  vestibular  stimuli  to  the  higher  cerebral  centres.  In  1914  [9] 
proof  was  forthcoming  that  the  vestibular  central  connections  pass 
upwards  almost  entirely  in  the  posterior  longitudinal  bundle.  A  few 
pass  from  the  nuclei  tecti,  where  the  cerebellar  root  of  the  vestibular 
nerve  terminates,  through  the  anterior  cerebellar  peduncle.  Another  tract 
may  pass  upwards  from  the  nucleus  ventralis  raphe,  but  this  is  doubtful.. 

These  few  facts  represented  the  sum  of  our  knowledge  of  the  central 
connections  of  the  vestibular  nuclei,  and  yet  these  connections  are  of 
the    first    importance   for  ocular  movements,   for  equilibrium   and   for 
locomotion.     Free  locomotion  and  ocular  movements  in  more  than  one- 
plane  are  first  seen  in    the   lower  vertebrates  coincidently   with    the- 
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appearance  of  a  vestibular  organ,  or  some  comparable  apparatus,  and 
with  the  development  of  a  primitive  corpus  striatum. 

From  the  clinical  aspect,  the  regular  appearance  of  typical  distur- 
bances of  equilibrium  of  the  cerebellar  type  in  cases  of  tumour  of  the 
brain,  and  the  presence  of  nystagmus  and  conjugate  deviation  of  the 
eyeballs  in  variously  localized  lesions  of  the  cerebral  axis,  indicate 
unmistakably  the  existence  of  ascending  tracts  from  the  vestibular  nuclei. 

The  extraordinary  importance  of  the  subject  and  our  very  meagre 
information  seemed  to  me  sufficient  excuse  for  this  paper  describing  my 
work  on  the  central  connections  of  the  vestibular  nuclei,  even  if  it  be  as 
yet  incomplete. 

Before  passing  to  a  description  of  my  work  and  its  results  I  would 
point  out  that  the  anatomical-physiological  methods  adopted  by  me  in 
this  and  in  earlier  work  [9]  are  not  yet  recognized  by  other  workers. 

Observations  were  first  made  by  a  series  of  lesions  in  the  brain-stem 
of  the  cat.  It  was  found  that  only  lesions  of  the  posterior  longitudinal 
bundle  resulted  in  forced  movements  in  the  horizontal  plane  (circus 
movement  and  conjugate  deviation  of  head  and  eyes)  and  in  the  frontal 
plane  (rolling  movements  and  squint  deviation  of  the  eyes).  Lesions- 
elsewhere  in  the  brain-stem  were  never  followed  by  these  types  of 
deviation  or  movement. 

Further,  it  was  found  that  the  direction  of  those  forced  movements 
was  reversed  when  the  lesion  (hemisection)  reached  the  region  of  the  pos- 
terior commissure,  and  the  nucleus  commissurae  posterioris  and  nucleus 
interstitialis.  From  my  observations  these  nuclei  form  the  termini  for 
the  ascending  fibres  of  the  posterior  longitudinal  bundle  after  they 
have  crossed  in  the  posterior  commissure.  From  these  "nuclei  also 
originate  the  two  descending  tracts  in  the  posterior  longitudinal  bundle 
(tr.  commissuro-medullaris  and  tr.  interstitio-spinalis  or  Boyce's  tract). 

It  was  also  observed  that  a  unilateral  lesion  of  structures  oral  to  these 
nuclei,  involving  the  strands  of  fibres  between  them  and  the  globus 
pallidus,  was  also  followed  by  forced  movements  in  the  reversed  direction. 
This  phenomenon  seems  to  be  best  interpreted  by  the  assumption  that 
nervous  continuity  exists  between  the  two  commissural  nuclei  and  the 
globus  pallidus. 

In  connection  with  this  last  observation,  it  is  interesting  to  note  that 
C.  and  O.  Vogt  [21],  whose  work  is  on  purely  anatomical  lines,  have 
also  come  to  this  conclusion,  that  a  direct  nervous  connection  exists 
between  the  commissural  nuclei  of  the  one  side  and  the  globus  pallidus 
of  the  other.  This  partial  anatomical  confirmation  of  facts  obtained  by 
me  with    the  anatomo-physiological    method   seems  to    be    a  valuable 
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argument  in  its  favour,  and  goes  far  to  justify  its  adoption  in  attempting 
to  trace  the  ascending  vestibular  tracts. 

In  an  earlier  paper  [!)]  I  pointed  out  that  within  the  nuclear 
complex  of  the  X.  vestibularis  in  quadrupeds  a  very  high  degree  of 
differentiation  of  function  is  attained.  On  each  side  of  the  median  line 
are  two  nuclei,  lesions  of  which  cause  circus  movements  but  in  different 
directions.  Lesion  of  one  of  the  nuclei  produces  circus  movements  to 
the  same  side,  while  lesion  of  the  other  is  followed  by  circus  movements 
to  the  other  side.  Injury  of  the  tracts  ascending  from  these  nuclei  to 
join  the  mesial  part  of  the  posterior  longitudinal  bundle  also  results  in 
similar  forced  movements.  Further,  on  each  side  of  the  median  line  lie 
two  nuclei,  injury  of  which  causes  rolling  movements.  These  nuclei 
show  the  same  differentiation  as  those  associated  with  the  circus  move- 
ments, since  a  lesion  of  one  results  in  the  rolling  movements  being 
directed  towards  the  affected  side,  while  injury  on  the  other  is  asso- 
ciated with  rolling  movements  directed  towards  the  opposite  side. 
The  ascending  fibres  from  these  two  nuclei  are  localized  in  the  lateral 
wing  of  the  posterior  longitudinal  bundle. 

It  is  important  to  note  that  in  a  cross  section  involving  the  whole 
of  one  longitudinal  bundle,  including  as  it  does  the  fibres  concerned 
with  circus  movements  to  both  sides,  the  result  is  circus  movement  to 
the  intact  side,  rolling  movement  to  the  affected  side.  If,  however,  the 
lesion  is  situated  oral  to  the  posterior  commissure  the  circus  move- 
ments and  rolling  movements  are  conversely  directed  towards  the 
affected  and  the  intact  sides. 

It  is  found  in  monkeys,  cats  and  birds,  that  a  lesion  involving  the 
nuclei  tecti  and  their  ascending  fibres  in  the  superior  cerebellar 
peduncle  is  followed  by  the  falling  backward  of  the  animal,  or  at  least 
a  conjugate  deviation  of  the  eyeballs  upward.  On  the  other  hand  if 
the  lesion  involves  the  grey  matter  near  the  raphe  of  the  medulla 
(nuclei  of  the  raphe)  and  the  medial  nuclei  of  the  pons  the  result  is  a 
distinct  tendency  to  fall  forwards.  Further,  a  lesion  in  this  region  of 
the  human  brain  appears  to  be  associated  equally  with  nystagmus  and 
a  forced  position  of  the  eyeballs  in  the  vertical  plane. 

Before  passing  to  the  main  subject  matter  of  this  paper  I  would 
recall  my  earlier  work  of  1907  [8]  where  I  demonstrated  that  the 
nucleus  tecti  receives  direct  as  well  as  indirect  fibres  from  the  vestibular 
nerve.  This  was  subsequently  confirmed  by  de  Villaverde  [20] . 
These  data  on  the  anatomical,  physiological  relations  of  the  vesti- 
bular nerve  may  form  a  basis  for  further  investigation,  for  there  is, 
as  far  as  the  Marchis-stain  goes,  evidence  that  no  other  ascending  vesti- 
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bular  pathways  exist.  Careful  workers  consider  the  lateral  fillet  as  a 
possible  pathway  for  secondary  vestibular  tracts.  This  view  they  regard 
as  being  phylogenetically  sound. 

In  the  evidence  which  I  offer  for  the  solution  of  the  problem  I 
shall  confine  myself  to  one  case  in  which  the  experiment  may  be 
regarded  as  crucial. 

The  experiment,  which  was  performed  on  a  cat,  was  carried  out  as 
follows  :  A  protected  needle,  as  devised  by  Probst,  was  used  to  pierce 
the  medulla.  This  was  introduced  from  behind  on  the  right  side  and 
manipulated  so  that  the  vestibular  region  was  completely  destroyed 
(figs.  1  and  '2).  The  needle  pierced  the  lateral  fillet  at  the  level  of  the 
mesencephalon.  On  examination  it  was  found  that  all  the  tracts 
described  by  me  as  secondary  vestibular  tracts  were  degenerated  (fig.  3). 
The  lateral  fillet  was  quite  free  from  any  degenerative  change  up  to  the 
point  where  the  needle  pierced  it  (fig.  4).  From  this  point  marked 
degeneration  extended  right  up  to  the  end  station  in  the  thalamus 
(fig.  5).  I  repeated  this  experiment  several  times  with  the  same  result, 
viz.,  no  degenerative  changes  occur  in  the  lateral  fillet  from  injury 
of  the  vestibular  nuclei. 

The  result  of  these  experiments  is,  in  my  opinion,  sufiicient  to 
justify  the  conclusion  that  the  fillet  contains  neither  primary  nor 
secondary  vestibular  fibres. 

The  next  point  for  investigation  is  whether  the  physiological  method 
used  in  the  anatomical  analysis  of  the  primary  and  secondary  vesti- 
bular connections  will  serve  equally  well  for  the  elucidation  of  the 
tertiary  vestibular  connections.  By  tertiary  vestibular  connections  are 
meant  those  tracts  which  connect  the  supra-nuclear  centres  (i.e.,  the 
nucleus  commissurae  posterioris  and  the  nucleus  interstitialis)  near  the 
posterior  commissure  with  the  prosencephalon. 

Theoretically  no  objection  can  be  raised  to  the  method,  but  the  fact 
must  be  remembered  that  the  physiological  effect  of  a  lesion  of  the 
ascending  vestibular  connections  diminishes  markedly  the  farther  it 
lies  from  the  entrance  of  the  vestibular  nerve.  A  second  point  is  that 
the  resulting  forced  movements  vary  in  degree  in  different  animals. 
Thus  in  rabbits  they  are  very  vigorous,  but  are  much  less  when  the 
same  experiment  is  performed  on  animals  higher  in  the  scale.  Thus  in 
man  a  lesion  of  the  ascending  tracts  causes  only  a  forced  position  of  the 
eyes,  or  a  still  less  impressive  phenomenon,  a  tendency  to  conjugate 
deviation  ("Blickparese"  of  the  Germans),  or  a  tendency  to  fall  or  walk 
to  one  side  when  the  eves  are  closed. 
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Fig.  3. 


Fig.  4. 


Fig.  5. 


Figs.  1-5.— Cat.     Lesion  of  the  vestibular  nuclei.     Ascending  degeneration  in  the  posterior 
longitudinal  bundle  only.     Note  absence  of  degeneration  in  the  lateral  fillet. 
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Again,  in  quadrupeds  section  of  the  vestibular  nerve  causes,  as  a  rule, 
violent  rolling  movements  to  the  side  of  the  lesion,  whereas  a  lesion 
of  the  ascending  connections  of  the  vestibular  nuclei  in  the  midbrain 
(posterior  longitudinal  bundles)  is  followed  merely  by  a  tendency  to  fall 
towards  the  affected  side.  In  the  human  subject  even  this  may  not 
occur,  but  there  is  a  tendency  to  lie  in  bed  on  the  affected  side,  or  to 
lean  over  to  that  side  when  sitting  up. 

It  is,  therefore,  not  remarkable  that  the  result  of  severance  of  the 
tracts  connecting  the  supranuclear  centre  (nucleus  interstitialis)  with 
the  prosencephalon  should  be  only  a  slight  tendency  to  fall  towards  the 
normal  side.  It  must  be  remembered,  however,  that  this  symptom 
although  slight  is  very  constant.  Further,  after  a  lesion  in  the 
prosencephalon  in  quadrupeds,  the  circus  movements  which  result  are 
neither  so  marked  nor  so  persistent  as  those  seen  after  section  of  the 
mesial  portion  of  the  posterior  longitudinal  bundle.  Sometimes  this 
circus  movement  to  the  side  of  the  lesion  may  last  a  few  days  only, 
especially  if  the  lesion  be  slight,  but  there  may  be  a  tendency  for  some 
time  for  deviation  of  the  head  and  eyes  towards  the  lesion.  In  monkeys 
and  in  man  regular  circus  movements  never  result,  but  there  is  a 
distinct  tendency  to  look  towards  the  lesion.  If  the  subject  be  blind- 
folded and  told  to  march  there  will  be  seen  a  clear  tendency  to  deviate 
from  the  straight  line. 

Kegarding  forced  movements  in  the  frontal  plane,  after  prosence- 
phalic  lesions  in  quadrupeds  there  is  a  tendency  to  fall  towards  the 
normal  side,  accompanied  by  a  deviation  of  the  eyeballs  known  as  the 
"  Magendie-Hertwig  squint.'"  In  man  both  these  symptoms  must  be 
looked  for  very  carefully,  or  they  are  completely  missed.  Careful  obser- 
vation is  necessary  to  detect  forced  movements  in  the  sagittal  plane 
(forwards  and  backwards)  in  quadrupeds,  while  in  man  their  observa- 
tion requires  special  attention.  Consequently  the  physiological- 
anatomical  analysis  of  the  tertiary  vestibular  connections  has  to  be 
carried  out  with  the  utmost  circumspection  and  critical  care. 

When  we  take  into  consideration  how  little  is  known  of  the  physiology 
of  the  corpus  stri|itum  it  is  not  surprising  that  its  significance  as  a  vesti- 
bular end-station  has  only  recently  been  recognized.  Eemarks  in  the 
Hterature  indicate  that  attention  has  been  attracted  to  the  corpus  striatum 
in  cases  of  conjugate  deviation  and  forced  movements.  Prevost  [12] 
calls  attention  to  the  fact  that  when  in  apoplexy  the  apoplectic  area 
involves  the  corpus  striatum,  conjugate  deviation  of  the  head  and  eyes 
towards  the  side    of    the    lesion  results.      Prus  [14]  notes    that  when 
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certain  parts  of  the  corpus  striatum  are  stimulated  electrically 
either  pleurothotonus  or  elevation  of  the  head  results.  Sachs  [17]  also 
records  stimulation  experiments  of  the  same  nature.  Bechterew  [1], 
who  must  be  regarded  as  a  pioneer  in  this  work,  records  observations 
made  by  him  of  forced  inovements  in  dogs  after  lesions  involving  the 
base  of  the  forebrain,  and  postulates  the  presence  of  vestibular  centres 
in  this  region,  although  he  does  not  mention  the  corpus  striatum. 

In  experiments  carried  out  by  me  on  cats  I  found  that  lesions 
involving"  the  region  of  the  hypothalamus,  the  lamina  medullaris 
ventralis  and  the  globus  pallidus  were  followed  by  circus  movements  to 
the  side  of  the  lesion  and  rolling  movements  to  the  normal  side. 
Lesions  involving  other  parts,  as  the  anterior  and  median  thalamic 
nuclei,  or  the  anterior  corpora  quadrigemina,  corpus  geniculatum  and 
corpus  callosum,  never  gave  rise  to  forced  movements  of  any 
description. 

The  difficulties  attending  anatomical  investigation  of  this  region  are 
very  great.  Dejerine  and  Horsley  with  their  co-workers  rendered 
valuable  assistance  to  the  investigation  of  nerve  tracts  by  their  applica- 
tion of  the  Marchi  method.  At  the  same  time  when  an  effort  is  made 
to  extend  the  older  physiological  work  of  Majendie,  Schiff,  Probst  and 
others,  the  difficulties,  which  of  necessity  beset  so  delicate  an  investi- 
gation, at  once  become  apparent.  The  physiology  of  such  regions  as 
the  red  nucleus,  the  posterior  commissure,  the  hypothalamus,  the  palfeo- 
striatum  (globus  pallidus,  nucleus  accumbens,  area  parolfactoria)  and 
the  neo-striatum  (putamen  and  nucleus  caudatus),  is  still  a  matter  of 
conjecture.  It  can  readily  be  understood  how  extremely  difficult  it  is 
to  produce  sharply  localized  lesions  in  these  regions.  The  formation  of 
a  thrombus  may  throw  out  of  action  a  much  larger  area  than  is  desired, 
and  the  direction  or  shape  of  the  thrombus  plays  an  important  part. 
At  the  present  time  one  cannot  eliminate  the  element  of  chance  from 
such  experiments,  but  out  of  a  series  a  few  useful  results  may  be 
obtained. 

I  now  propose  to  discuss  a  series  of  sections  prepared  from  the 
brains  of  a  rabbit  and  a  cat.  The  sections  from  the  rabbit  were 
prepared  in  the  Central  Brain  Institute  and  were  stained  by  the 
Weigert-Pal  and  van  Gieson  methods.  The  sections  from  the  cat  were 
stained  by  the  Marchi  method. 

In  both  cases  the  posterior  commissure  was  pierced  by  a  needle 
(rabbit,  fig.  9  ;  cat,  figs.  15  and  16)  and  the  grey  matter  in  front  and  on 
the  mesial  side  of  the  red  nucleus  (region  of  the  nucleus  interstitialis) 
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was  divided.  In  the  cat  the  central  grey  matter  of  the  aqueduct  and  the 
nuclei  of  the  posterior  commissure  (Darkschewitchi)  were  also  injured. 
The  rolling  movements  which  resulted  in  both  cases  appeared 
immediately  after  the  operation,  diminished  after  a  few  days,  finally 
showing  themselves  only  in  a  persistent  tendency  to  fall  towards  and  to 
lie  on  the  normal  side.  Circus  movements  to  the  side  of  the  lesion 
resulted  only  in  the  case  of  the  cat  and  persisted  for  a  few  days  only. 

In  the  case  of  the  rabbit,  which  survived  for  six  months  after 
operation,  careful  observation  failed  to  discover  any  tendency  to  turn 
to  one  side  more  than  another ;  it  was  highly  probable,  therefore, 
that  Darkschewitchi's  nucleus,  which  is  associated  with  circus  move- 
ments, escaped  injury.  Forced  movements  in  the  antero-posterior 
plane  were  seen  in  the  cat  only,  and  appeared  as  stepping  and 
staggering  movements.  They  were  only  present  for  the  first  few 
days  after  operation,  and  were  probably  due  to  lesion  of  the  nuclei 
near  the  middle  line. 

The  forced  position  of  the  eyes  in  both  animals  was  that  which 
usually  accompanies  the  phenomenon  of  rolling  movements  to  the 
right  [5].  Both  eyeballs  were  rotated  round  the  visual  axis  towards 
the  right  side,  the  right  eye  being  directed  downwards,  the  left 
upwards. 

It  is  interesting  to  note  that  both  animals  appeared  to  be  blind 
immediately  after  operation,  probably  owing  to  the  cross-section  through 
the  dorsal  division  of  the  posterior  commissure-  Later  this  passed  off 
but  hemianopsia  towards  the  right  persisted  in  both. 

Microscopical  examination  of  the  brain  and  spinal  cord  of  the  cat 
showed  the  extent  of  the  injury  to  be  as  follows. 

The  lesion  in  the  middle  line  extended  so  far  back  that  both  bundles 
of  Monakow  were  severed  at  their  crossing,  and  they  were  consequently 
degenerated  down  to  the  lower  segments  of  the  cord.  Both  pyramidal 
tracts  showed  degeneration  ;  the  left  was  injured  in  the  motor  cortex 
as  a  result  of  the  primary  lesion,  and  also  where  the  needle  after 
piercing  the  midbrain  reached  the  pes  pedunculi. 

The  primary  and  secondary  degenerations  found  in  the  posterior 
longitudinal  bundles  and  the  posterior  commissure,  with  its  nuclei  and 
their  connections,  are  particularly  important.  As  these  degenerations 
are  for  the  most  part  identical  in  the  rabbit  and  the  cat,  the  fact  that  the 
Weigert-Pal  and  van  Gieson  methods  were  used  in  the  one  case  and 
the  Marchi  method  in  the  other  makes  the  physiological  and  anatomical 
comparison  of  the  two  series  more  interesting. 
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Fig.    6. 


Fig.  7. 
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Fig.  y. 
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Examination  showed  complete  division  of  the  posterior  commissure. 
This  is  a  lesion  rarely  described  in  literature,  but  was  noted  by  Probst 
[13],  Buzzard  and  Collier  ['2].  In  the  rabbit  the  secondary  ascending 
vestibular  tracts  in  the  posterior  longitudinal  bundles  were  divided.     In 
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Figs.  G-11. — Rabbit.  Lesion  of  the  commissural  nuclei  on  the  left  side.  Descending 
degeneration  of  the  mesial  part  of  the  left  posterior  longitudinal  bundle,  and  of  the  lateral  horn 
of  the  right  posterior  longitudinal  bundle.     The  left  globus  pallidus  is  diminished  in  size. 


the  cat  the  lesion  was  more  limited  to  the  middle  line.  It  was  found 
that  on  the  left  side  (the  side  of  the  lesion)  both  the  commissuro-medul- 
laris  and  the  interstitio-spinalis  (Boyce's  tract)   tracts  were  degenerated 
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Fig.  14. 
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(figs.  1"2,  LS).  The  lesion  crossed  the  middle  line,  injuring  the  right 
posterior  longitudinal  bundle,  and  the  interstitio-spinalis  tract  of  this 
side  also  showed  degeneration  (fig.  14). 

In  the  rabbit  the  left  posterior  longitudinal  bundle  in  the  medulla 
oblongata,  particularly  in  its  median  portion,  was  less  prominent  than 
on  the  right  side  (fig.  6).  In  the  pontine  region  this  difference  was 
less  noticeable.  It  appears  probable,  therefore,  that  in  this  case  the 
nucleus  commissural  posterioris  suffered  less  injury,  and  as  a  result  the 
commissuro-medullaris  tract. 

The  most  important  point  in  these  two  experiments  is  that  they 
afford  an  opportunity  for  seeing  the  orally  situated  structures  with 
which  the  mesencephalic  nuclei  are  connected. 

In  the  rabbit,  where  rolling  movements  alone  were  seen,  the  lesion 
of  the  commissural  structures  was  more  limited.  With  the  Weigert- 
Pal  stain  the  corpus  striatum  presents  the  same  picture  as  that  described 
by  ]Monakow  in  a  rabbit  [7].  These  histological  changes  are  as 
follows  :  The  entire  left  glol)US  pallidus,  less  so  the  putamen,  but 
not  the  nucleus  caudatus,  show  a  decidedly  atrophic  appearance, 
compared  with  the  normal  side.  Forel's  field  on  the  affected  side  is 
also  rather  thin,  while  the  lamina  medullaris  externa  thalami  is  not 
at  all  prominent  (figs.  9,  10). 

In  the  cat  (241)  the  Marchi  stain  demonstrates  the  course  of  the 
striopetal  fibres  from  the  commissural  nuclei.  In  following  the 
fibres  from  the  commissural  region  it  is  seen  that  the  crus  cerebelli 
ad  thalamum  of  the  left  (side  of  lesion)  is  the  more  prominent ; 
the  majority  of  its  fibres  disappear  orally  in  the  neighbourhood  of  the 
lamina  dorsalis  thalami  (fig.  16).  From  the  capsule  of  the  red  nucleus 
a  number  of  degenerated  fibres  pass  at  first  ventrally,  then  laterally, 
in  the  direction  of  Forel's  field.  The  lamina  medullaris  externa  is 
thickly  dotted  with  fine  black  spots  (fig.  17).  It  is  certain  that  a 
number  of  degenerated  fibres  are  lost  in  the  body  of  Luys's  nucleus,  in 
Forel's  field,  and  probably  also  in  the  middle  and  anterior  thalamic 
nuclei.  The  majority,  however,  of  these  ascending  fibres,  which  are  in 
all  probability  mostly  vestibular,  disappear  in  the  direction  of  the 
globus  paUidus  (fig.  18).  The  external  capsule  of  the  putamen,  especially 
in  its  anterior  part,  is  markedly  degenerated.  In  the  putamen  proper 
there  is  very  little  evidence  of  degenerated  fibres.  Fig.  18  shows 
the  capsule  on  the  right  side,  where,  however,  the  degeneration  is  not 
nearly  so  great  as  on  the  left  side,  where  the  commissural  nuclei  are 
completely  destroyed.  It  was  impossible  to  obtain  a  satisfactory 
photograph  of  the  left  side. 
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Fig.   15. 


Fig.  16. 


Fig.  17. 


Fig.  18. 


Figs.  12-18.  —  Cat.  Lesions  of  the  commissural  nuclei,  mainly  of  the  left  side- 
Descending  degeneration  of  the  interstitio-spinal  tracts,  and  less  so  of  the  commissuro 
spinal  tracts.     Ascending  degeneration  towards  the  globi  pallidi,  mainly  on  the  left  side. 
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These  facts  confirm  results  obtained  by  me  in  experimental  work 
on  cats.  In  some  of  these  animals  the  globus  pallidus  itself  was  injured, 
or  the  lamina  medullaris  externa  was  severed.  In  such  cases  histo- 
logical examination  shows  degeneration  of  fijjres  to  the  commissural 
nuclei  and  red  nucleus  on  the  one  side,  and  to  the  globus  pallidus  on 
the  other.  Further,  they  agree  with  the  anatomical  observations  of 
Wilson  [23],  who  with  the  use  of  Clarke's  apparatus  demonstrated  the 
existence  of  fibres  passing  from  the  putamen  to  the  region  of  the 
globus  pallidus  and  thence  towards  the  capsule  of  the  red  nucleus, 

I  therefore  conclude  from  this  evidence  that  the  commissural  nuclei 
are  in  neuronal  continuity  with  the  globus  pallidus  of  the  same  side. 
This  connection  consists  of  at  least  two  neurons  between  the  globus 
pallidus  and  the  commissural  nuclei,  whereas  in  the  reverse  direction 
l)ut  one  neuron  exists. 

These  results  may  appear  unexpected  to  the  physiologist  and  the 
clinician,  but  if  the  work  of  Bechterew,  Probst  and  Dejerine  [3]  is 
carefully  considered,  it  is  evident  that  considerable  support  for  the 
results  is  forthcoming. 

In  the  last  section  I  called  attention  to  the  agreement  in  many 
points  between  my  work  and  that  of  Wilson.  In  certain  particulars, 
however,  we  differ.  Wilson  speaks  of  connections  from  the  region  of 
the  globus  pallidus  passing  to  the  region  of  the  red  nucleus.  In  all  my 
experiments  the  red  nuclei  were  intact,  and  it  is  extremely  probable  that 
the  bulk  of  the  globus  pallidus  connections  do  not  reach  the  red  nucleus 
at  all,  but  pass  to  the  two  nuclei  situated  anteriorly  and  njedially  to  it. 
It  is  probable  that  this  investigator  did  not  realize  the  existence  of 
the  nuclei  commissurae  posterioris  and  interstitialis  and  their  descend- 
ing tracts  in  the  posterior  longitudinal  bundle. 

It  is  important  when  considering  results  obtained  by  other  workers 
to  remember  that  the  application  of  the  nomenclature  differs  some- 
what in  different  countries.  The  English  workers  apply  the  term 
"  ansa  lenticularis  "  to  the  whole  of  the  mass  of  fibres  lying  between 
the  commissural  nuclei,  the  red  nuclei  and  corpus  striatum,  and  more 
particularly  to  those  fibres  which  penetrate  the  internal  capsule  to  join 
the  globus  pallidus.  Monakow,  Winkler,  Potter,  Dejerine  and  his 
school  apply  the  name  only  to  the  fibres  lying  between  the  mesen- 
cephalic nuclei  and  the  more  anteriorly  situated  parts  of  the  corpus 
striatum. 

It  is  not  my  intention  to  discuss  afresh  in  detail  the  physiological 
points  as  applied  to  the  human  subject  raised  in  this  and  in  my  earlier 
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paper  [9]  in  which  an  anatomical-physiological  investigation  of  the 
posterior  longitudinal  bundle  revealed  only  two  descending  tracts  in  its 
median  part.  One  passes  down  from  the  nucleus  commissurae  posterioris 
(tractus  commissuro-medullaris)  and  is  associated  with  circus  movement 
and  conjugate  deviation  of  the  eyes  to  the  same  side  ;  the  second  tract 
passes  down  from  the  nucleus  interstitialis  (tractus  interstitio-spinalis, 
Boyce's  tract)  and  is  associated  with  rolling  movement  and  the  develop- 
ment of  the  Majendie-Hertwig  squint.  In  this  paper  (p.  418)  I  con- 
cluded thus  :  "  If  this  symptom  (tendency  to  fall  to  the  right)  is 
present  where  the  disease  is  localized  cephalad  to  the  posterior  com- 
missure, then  from  experimental  findings  the  lesion  is  to  be  localized  in 
the  optic  thalamus  or  striate  body  on  the  left  side."'  When  this  was 
written  I  had  already  made  use  of  the  direction  of  these  forced  move- 
ments for  purposes  of  localization  in  brain  disease,  particularly  for 
diagnoses  of  frontal  diseases. 

It  is  interesting  to  find  that  in  war  literature  is  the  first,  and  I 
think,  decisive  confirmation  for  this  solution  of  the  localization  pro- 
blem. Gerstmann  [4],  writing  in  1916.  published  six  cases  of  unilateral 
lesion  of  the  frontal  brain.  In  all  the  cases  there  was  a  disturbance  of 
equilibrium  demonstrated  as  a  falling  to  the  healthy  side.  The  writer 
of  the  paper  was  evidently  unaware  of  my  paper  (1914),  and  therefore 
could  not  appreciate  the  confirmation  given  to  my  suppositions.  I 
therefore  regard  this  falling  to  the  healthy  side  as  an  important 
diagnostic  sign  in  disease  of  the  frontal  lobe,  or,  to  state  it  more  exactly, 
of  involvement  of  the  globus  pallidus  or  its  connections  with  the  com- 
missural nuclei.  Further  experimental  as  well  as  clinical  evidence 
seems  to  show  that  only  in  lesions  of  the  globus  pallidus  do  lasting 
circus  movements  and  conjugate  deviation  of  the  eyes  to  the  side  of 
the  lesion  or  a  tendency  to  fall  over  to  the  healthy  side  result.  From 
this  one  must  admit  continuity  of  anatomical  connections  from  the 
vestibular  region  upward  through  the  brain-stem  to  the  globus  pallidus. 
It  must  be  remembered  that  a  lesion  of  the  putamen  alone  causes  these 
disturbances  for  a  short  time  only. 

Section  II. 

Pathological  lesions  in  man  comparable  to  the  above  experimental 
lesions  in  cats  and  rabljits  are  rare. 

In  the  Brain  Institute  in  this  city  I  found  nothing  to  correspond 
with  them.  My  attention,  however,  was  drawn  to  a  series  of  sections 
of  the  brain  of  a  case  of  Meer  en  Berg,  where  a  thrombotic  process 
had  caused  atrophy  of  a  great  part  of  the  left  hemisphere. 
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The  cortex  of  the  entire  frontal  and  parietal  region  was  reduced  to 
a  thin  lamella  in  which  no  traces  of  the  convolutions  could  be  detected. 
The  corpus  callosum  was  atrophied.  The  left  lateral  ventricle  was 
enormously  distended.  Of  the  left  corpus  striatum  the  nucleus  lenti- 
formis  was  completely  absent,  and  no  part  of  the  left  putamen  could  be 
considered  normal,  and  only  a  small  number  of  cells  were  found  in  the 
globus  jmllidus.  As  this  case  has  been  discussed  for  other  purposes  and 
drawings  of  sections  of  it  published  [19],  I  shall  limit  myself  to  a 
statement  of  those  details  which  are  of  importance  for  the  present 
research. 


Fig.  19. 


In  the  first  place  I  would  direct  attention  to  the  difference  in  size 
of  the  posterior  longitudinal  bundles,  that  on  the  side  of  the  lesion 
being  diminished  (figs.  19,  20,  21,  22,  23).  This  difference  in  size  must 
be  explained  by  the  interdependence  of  the  globus  pallidus  and  the 
homolateral  nuclei  (nucleus  interstitialis  and  nucleus  commissurse 
posterioris),  as  has  been  shown  experimentally  in  the  rabbit.  This 
being  so,  partial  destruction  of  the  globus  pallidus  is  inevitably  asso- 
ciated with  atrophy  of  these  nuclei  and  insufficient  development  of  the 
homolateral  fibres  descending  in  the  posterior  longitudinal  bundle  [9]. 
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The  work  of  Edinger,  Ramon  y  Cajal  and  my  own  unpublished  observa- 
tions on  the  constitution  of  the  ventral  part  of  the  posterior  commis- 
sure, would  show  that  those  nuclei  receive  afferent  impulses  from  the 
heterolateral  branch  of  the  commissure,  this  being  the  continuation  of 


Fig.   20. 


Fig.    21. 


^ 


■^^kk^- 


Fig.  22. 

Note  the  fewer  fibres  in  the  mesial  part  of  the  left 
posterior  longitudinal  bundle. 


Fig.  23. 

A   portion    of   fig.    22   photographed    under   a 
higher  magnification. 


the  lateral  horn  of  the  posterior  longitudinal  bundle.  It  is  therefore 
not  surprising  to  find  in  this  case  that  the  right  arm  of  the  commissure 
contained  fewer  fibres  than  the  left  (fig.  22). 

This  case  is  comparable  with  the  experimental  rabbit  ;  in  the  rabbit 


Flu.    2L 


Nucl.  rubor 


Fig.   25. 


Nucl.  commiss. 
post,  (atrophic) 


Nucl.  commiss. 
post. 


Fig.  26. 
Figs.  19-26.— Section  of  a  human  brain  in  which  a  destructive  lesion  of  the  left  corpus 
striatum'  had  occurred  several  years  before  death.  The  left  nucleus  commissurse  posterioris 
and  nucleus  interstitialis  are  atrophic.  Poverty  of  fibres  in  the  lateral  horn  of  the  right 
posterior  longitudinal  bundle,  and  in  the  corresponding  part  of  the  posterior  commissure. 
In  fig.  19  note  the  smallness  of  the  left  posterior  longitudinal  bundle  owing  to  absence  of 
the'tr.  interstitio-spinalis. 
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the  lateral  wing  of  the  posterior  longitudinal  bundle  on  the  side  of  the 
lesion  involving  the  commissural  nuclei  was  more  voluminous  than  on 
the  other  side  (fig.  6).  In  the  human  brain  destruction  of  the  left 
globus  pallidus  is  also  associated  with  a  greater  development  of  the 
lateral   wing  of  the  left  posterior  longitudinal  bundle  (fig.  21). 

From  these  facts  we  must  recognize  a  cerebropetal  structural 
and  functional  continuity  between  the  left  corpus  striatum,  the  right 
arm  of  the  posterior  commissure  and  the  lateral  wing  of  the  right 
posterior  longitudinal  bundle.  Further,  it  is  also  found  that  the  left 
corpus  striatum  is  cerebrofugally  connected  with  the  commissural 
nuclei,  and  by  means  of  these  with  the  descending  fibres  in  the  inner- 
most part  of  the  mesial  segment  of  the  left  posterior  longitudinal 
bundle. 

Finally  I  would  direct  attention  to  the  red  nucleus. 

When  the  series  of  sections  are  examined  from  below  upwards  it  is 
found  that  these  nuclei  first  appear  in  the  same  cross-section  (fig.  24). 
It  is  probable,  therefore,  that  the  caudal  parts  at  least  of  these  nuclei  are 
not  dependent  on  the  corpus  striatum  of  the  same  or  the  other  side. 

In  fig.  25  the  frontal  part  of  the  right  red  nucleus  is  seen,  but  of 
the  left  there  is  no  trace.  It  would,  however,  be  premature  to  con- 
clude that  the  frontal  part  of  the  red  nucleus  has  a  special  relation  to 
the  homolateral  corpus  striatum,  since  the  exact  homology  of  those 
regions  is  unknown.  The  difference  in  the  oral  parts  of  the  red  nuclei 
might  be  due  to  the  fact  that  in  man  the  nucleus  interstitialis  is  repre- 
sented by  the  frontal  part  of  the  red  nucleus. 

From  further  experimental  work  I  maintain  the  conclusions  put 
forward  in  my  former  paper  [9] ,  that  the  nucleus  commissurae  pos- 
terioris  and  the  nucleus  interstitialis  represent  superimposed  vestibular 
nuclei.  These  nuclei  receive  their  stimuli  from  the  ascending  elements 
of  the  crossed  posterior  longitudinal  bundle  via  the  posterior  commis- 
sure. The  descending  fibres  from  them,  the  tractus  commissuro- 
medullaris  and  the  tractus  interstitio-spinalis,  are  situated  in  the  mesial 
division  of  the  posterior  longitudinal  bundle.  The  descending  fibres  or 
tracts  are  concerned  with  locomotion  in  two  planes  (circus  movement 
with  conjugate  deviation  of  head  and  eyes,  and  rolling  movement  with 
Hertwig-Majendie  squint) . 

It  must  be  admitted  that  for  some  reason  a  lesion  of  the  ascending 
elements  of  this  vestibulo-motor  nerve  chain  prevails  in  its  effects  over 
lesions  of  the  descending  elements.  This  is  shown  by  the  fact  that  in 
a  series  of  heraisections  from  the  pons  upwards  the  direction  of  the 
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forced  movements  changes  as  soon  as  the  posterior  commissure  is 
reached.  Furtlier,  the  supra-nuclear  centres  are  connected  with  the 
corpus  striatum,  or  at  least  with  the  oral  part  of  the  globus  pallidus. 
The  direction  of  the  forced  movement  does  not  change  wherever  the 
supra-nuclear  section  is  made.  If  an  animal  with  a  lesion  in  this 
part  survives  sufficiently  long  some  loss  of  fibres  may  be  found  in  the 
mesial  part  of  the  posterior  longitudinal  bundle,  and  also  in  the  wing 
of  the  posterior  longitudinal  bundle  of  the  crossed  side.  This  de- 
scending degeneration  has  been  observed  in  the  case  of  a  patient  of  my 
own  with  recent  destruction  of  the  globus  pallidus,  and  also  in  similar 
cases  recorded  by  Dejerine  and  Koussy  116~\. 

Section  III. 

My  earlier  work  on  this  subject  [9]  indicated  that  the  commissural 
nuclei  (X.  commissurae  posterioris  and  N.  interstitialis)  as  well  as  the 
secondary,  and  perhaps  tertiary,  vestibular  tracts  which  compose  their 
afferent  systems,  are  concerned  exclusively  with  locomotion  and  con- 
jugate deviation  of  the  head  and  eyes  in  the  horizontal  and  frontal 
planes.  It  is  proposed  to  give  here  a  short  note  on  the  fibres  and 
nuclei  which  subserve  forced  movements  in  the  sagittal  plane,  that  is 
locomotion  and  conjugate  deviation  of  the  head  and  eyes  upwards  and 
downwards. 

The  nuclei  and  fil)res  which  determine  forced  movements  in  the 
horizontal  (circus  movements)  and  frontal  (rotation  round  the  body 
axis)  planes  are  situated  symmetrically  on  either  side  of  the  middle  line, 
one  system  co-ordinating  the  deviation  or  rotation  to  the  right,  the 
other  to  the  left.  Physiological  and  clinical  data  tend  to  show  that 
entirely  different  nuclei  and  tracts  determine  vertical  deviations.  This 
is  not  surprising  since  the  one  set  of  movements — standing  up,  looking 
upwards,  falling  backwards,  going  backwards — is  not  the  reflected  image 
of  the  other  set — stooping  down,  looking  down,  falling  forw^ard,  going 
forward. 

The  upward  and  downward  forced  movements  are  never  of  the 
violent  character  seen  in  rabbits  when  the  vestibular  nerve  has  been 
injured.  Further,  they  seem  very  easily  compensated.  During  the 
first  few  days  after  operation  on  the  cat  (241)  there  was  a  tendency  to 
recoil,  to  fall  backward  and  to  go  backward,  and  a  very  slight  pressure 
under  the  chin  caused  the  animal  to  sit  up.  This  form  of  forced  move- 
ment in  the  sagittal  plane  invariably  follows  a  lesion  of  the  nucleus 
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tecti  cerebelli  in  the  cat  and  the  pigeon.  It  is  interesting  to  find  that 
there  is  some  clinical  evidence  on  this  point,  similar  forced  movements 
occurring  in  cases  of  tumour  of  the  cerebellum  involving  the  nuclei 
tecti. 

Wallenberg  [22]  working  with  pigeons  found  that  after  lesions  of 
the  superior  cerebellar  peduncle  there  was  a  tendency  to  retrogression, 
and  thought  that  injury  to  some  nucleus  in  this  region  was  associ- 
ated with  the  development  of  these  movements.  Marburg,  Bing, 
and  Ingvar  also  found  that  lesions  of  the  spino-cerebellar  tracts  in 
animals  were  associated  with  disturbances  of  locomotion  in  the  antero- 
posterior direction. 

In  1907  I  described  the  terminations  of  fibres  of  the  vestibular 
nerve  in  the  nucleus  tecti.  It  seems  highly  probable  that  the  nucleus 
tecti  plays  the  same  part  in  forced  movement  in  the  antero-posterior 
direction  as  Deiters'  nucleus  and  the  descending  vestibular  nucleus  do 
in  circus  and  rolling  movements.  The  fact  that  the  ventral  and  dorsal 
spino-cerebellar  tracts  terminate  in  the  nuclei  tecti  seems  to  corroborate 
this  view  [10]. 

In  a  series  of  sections  through  the  brain  of  the  cat  (241),  already 
referred  to,  a  tract  of  degenerated  fibres  is  seen  on  both  sides  of  the 
section  lying  on  the  inner  side  of  the  anterior  cerebellar  peduncle  (fig. 
13).  The  position  of  this  tract  is  almost  identical  with  the  hook- 
like structure  found  by  Eussell  [16]  in  dogs  after  a  median  incision 
between  the  nuclei  tecti.  This  structure  was  also  described  by  Thomas 
[18].  The  difference  between  my  case  and  the  cases  of  Kussell  and 
Thomas  is  that  in  their  cases  the  degeneration  was  cerebello-fugal 
while  in  mine  it  is  cerebello-petal.  This  in  no  way  serves  as  an 
argument  against  my  view  but  is  rather  evidence  in  favour  of  it,  since 
from  the  time  of  Held  [5],  who  first  drew  attention  to  the  fact,  it  has 
been  more  and  more  appreciated  how  frequently  the  ascending  and 
descending  secondary  and  tertiary  vestibular  pathways  lie  in  the  same 
areas. 

At  present  we  can  only  surmise  which  supra-mesencephalic  nucleus 
receives  these  fibres,  but  probably  it  is  situated  ventrally  to  the 
posterior  longitudinal  bundle  in  or  near  the  raphe.  This  suggestion  is 
made  from  a  study  of  the  rabbit  already  described  where  the  structures 
of  the  median  line  were  intact,  and  where  no  trace  of  forced  movements 
in  the  vertical  plane  occurred. 

Physiological  and  clinical  observations  therefore  tend  to  show  that 
a    lesion  near    the    median    line    in    the    thalamic    region    will    cause 
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staggering,    and    walking    or    falling  backward,    as    do    lesions    of  the 
prosencephalon  if  not  situated  too  ventrally. 

It  seems  justifiable  to  assume  ascending  connections  similar  to  the 
tertiary  striatal  connections  of  the  commissural  nuclei,  but  passing  to 
the  palaeostriatal  nuclei  septi. 

Although  experience  has  shown  the  utility  of  the  physiological- 
anatomical  method  it  must  be  understood  that  great  care  is  necessary 
in  its  application.  This  is  particularly  so  in  attempting  to  demonstrate 
the  tertiary  vestibular  connections  where  conclusions  have  to  be  drawn 
from  transient  and  puzzling  forced  movements  in  the  antero-posterior 
or  sagittal  plane.  The  forced  movements  in  this  plane  are  never 
violent  even  after  lesions  of  the  primary  connections.  It  is  also 
important  to  remember  that  the  forced  movements  in  the  other  planes 
(circus  movement  and  rolling)  decrease  in  strength  the  farther  the 
lesion  is  from  the  primary  vestibular  fibres. 

I  may  say  in  conclusion  that  I  have  carried  out  certain  experiments 
and  collected  some  clinical  data  on  the  position  of  the  vestibular  nuclei, 
the  superimposed  nuclei  and  their  connections  which  may  excite 
forced  movements  in  the  sagittal  plane  in  the  opposite  direction  to 
those  already  described,  i.e.,  falling  forward  and  locomotion  forward. 
There  is  some  evidence  that  the  nucleus  ventralis  raphe  is  associated 
with  this  type  of  movement.  In  one  experiment  where  the  lesion 
involved  the  basal  longitudinal  bundle  (Wallenberg)  near  its  origin  in 
the  frontal  brain  the  animal  never  sat  up  again  in  a  natural  manner, 
but  held  its  head  down.  It  may  be  surmised  that  the  secondary  tracts 
run  up  near  the  raphe  and  are  situated  somewhat  ventrally.  Further 
it  seems  probable  that  the  tertiary  ascending  and  descending  fibres 
dealing  therewith  are  to  be  found  in  the  area  of  the  basal  longitudinal 
bundle  of  Wallenberg. 

Summary  and  Conclusions. 

(1)  Persisting  circus  movements  and  lateral  conjugate  deviation  of 
the  head  and  eyes  to  the  affected  side,  and  a  tendency  to  fall  to  the 
normal  side  after  cerebral  lesions,  is  due  to  injury  of  the  oral  part  of 
the  globus  pallidus,  or  of  its  connections  with  the  commissural  nuclei 
(nucleus  commissurae  posterioris  and  nucleus  interstitialis).  Hence  the 
conclusion  seems  warranted  that  the  tertiary  vestibular  tracts,  lesions 
of  which  produce  the  same  symptoms,  terminate  in  this  palaeostriate 
centre. 
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The  secondary  vestibular  tracts  which  ascend  in  the  posterior  longi- 
tudinal bundles  cross  the  middle  line  by  way  of  the  posterior  commis- 
sure before  entering  the  nucleus  commissurae  posterioris  and  nucleus 
interstitialis.  In  the  diagrau]  in  my  earlier  paper  [9]  these  ascending 
vestibular  tracts  were  wrongly  indicated  as  terminating  in  the  com- 
missural nuclei  before  crossing  the  middle  line. 

(2)  It  has  not  been  possible  to  determine  by  the  anatomical- 
physiological  method  the  chains  of  neurons  concerned  in  forced  move- 
ments in  the  sagittal  plane,  i.e.,  recoil,  retrogression,  conjugate  devia- 
tion of  the  head  and  eyes  upwards  ;  falling  forwards  and  deviation  of 
the  eyes  downwards.  Experiments  on  cats,  in  which  lesions  of  the 
nucleus  tecti  and  of  the  superior  cerebellar  peduncle  produce  a  ten- 
dency to  recoil,  recall  the  experiments  on  pigeons  by  Wallenberg,  who 
assumed  the  existence  of  some  such  centre  in  or  near  to  the  superior 
cerebellar  peduncle.  Clinical  and  physiological  observations  lead  us  to 
suppose  that  structures  exist  in  the  mesencephalon,  near  the  raphe 
and  ventral  to  the  posterior  longitudinal  bundle,  lesions  of  which 
cause  falling  backwards  and  deviation  of  the  eyes  upwards.  There  is 
also  experimental  evidence  that  lesions  of  the  palaeo-striate  nucleus 
septi  (Kappers,  de  Vries)  caus6  recoil  and  retrogression. 

Near  the  middle  line  but  more  ventrally  situated  there  are  struc- 
tures (?  the  basal  longitudinal  bundle  of  Bischoff  and  Edinger),  lesions 
of  which  produce  a  tendency  to  fall  forwards  and  deviation  of  the  eyes 
downwards. 

I  have  to  acknowledge  my  indebtedness  to  Dr.  Ariens  Kappers  and 
Dr.  Brouwer  for  their  permission  to  make  use  of  the  material  of  the 
Central  Brain  Institute  in  Amsterdam,  and  to  Mrs.  Shaw  Dunn  for 
her  kind  help  in  correcting  the  English  of  this  paper. 
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Dr.  WiLFEED  Harris,  President,  in  the  Chair. 


(l)  A   Case  of  Tremor  of  Bare  Nature. 
By  Dr.  ANTHONY  Feiling. 

Gladys  C,  aged  lOi,  was  hrought  to  the  hospital  on  account  of 
involuntary  movements  of  the  left  side  of  the  hody.  She  was  a  full-time 
child,  a  breech  presentation  and  at  birth  had  white  asphyxia.  Sat  at 
18  months,  walked  at  3  years.  Has  never  had  fits  or  other  illnesses,  except 
measles. 

At  the  age  of  9  months  involuntary  movements  were  noticed  on  the  left 
side  of  the  body,  and  weakness  in  holding  up  the  head.  During  the  last  six 
months  these  movements  have  become  worse  and  have  extended  to  the  other 
side  of  the  body.  At  times  her  voice  is  very  feeble.  No  history  of  any 
nervous  disease  in  the  family.  The  child  is  well  grown  and  appears  quite 
intelligent. 

There  is  a  slight  weakness  of  the  lower  part  of  the  right  side  of  the  face, 
while  the  tongue  is  deviated  slightly  to  the  left.  The  left  arm  is  the  seat  of  a 
rhythmical  tremor,  more  marked  in  the  proximal  parts  of  the  limb.  The 
movements  produce  rotation  of  the  arm  at  the  shoulder,  pronation  and  supina- 
tion of  the  forearm,  and  flexion  and  extension  of  the  fingers.  The  rate  is 
about  two  to  the  second.     Both  arms  are  hypotonic. 

Similar  movements  affect  the  trunk  and  the  legs,  though  to  a  less  extent. 
In  the  legs  also  the  proximal  muscles  are  involved  to  a  greater  extent  than  the 
distal.  There  is  no  actual  paralysis,  though  the  power  of  the  left  arm  and  leg 
is  less  than  in  the  right  limbs.  The  deep  reflexes  are  present  and  the  plantar 
responses  are  flexor. 

(2)  Parkinsonian  Syndrome  associated  tvith  Eight  Hemiplegia,  shoicing  Peculiar 

Disturbances  of  Tone  and  Posture  in  the  Limbs  on  the  Hemiplegic  Side. 

By  Dr.  DouGLAS  McAlpine. 

Patient,  a  female,  aged  20,  was  quite  well  until  April  IS,  1919,  when  she 
developed  a  typical  attack  of  encephalitis  lethargica,  complicated  from  the  out- 
set by  a  right  hemiplegia.  Her  present  condition  developed  gradually  within  a 
few  months  from  onset. 
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The  following  is  a  brief  sumiuary  of  her  present  condition  : — 

Parkinsonian  facies,  smile  and  speech,  with  slight  right  hemiplegia  and 
definite  extensor  response  on  right  side ;  on  left  side  doulitful  extensor 
response.     Power  quite  good  all  four  limbs ;  no  sensory  disturbances. 

At  the  proximal  joints  in  all  four  limbs  there  is  a  slight  resistance  to 
both  flexion  and  extension  by  passive  movements,  most  marked  in  the  lower 
limbs.  If  the  fingers  or  wrist  of  the  right  hand  be  passively  moved  into  any 
position,  such  position  is  maintained  involuntarily.  Right  ankle  when  inverted 
or  everted  remains  in  that  position  ;  this  is  not  seen  however  in  dorsal  or 
plantar  flexion  at  proximal  joints,  nor  in  the  limbs  on  the  left  side. 

Voluntary  movements. — Extension  at  elbow  is  possible  only  when  fingers 
are  extended :  with  the  fingers  flexed  there  is  always  accompanying  pronation  ; 
extension  of  fingers  is  possible  only  when  patient  voluntarily  abducts  the 
arm,  fiexes  the  elbow,  pronates  tbe  forearm  and  flexes  wrist,  or  when  she 
extends  the  hyperpronated  elbow.  The  postures  of  hand  and  wrist  on 
voluntary  mov'ement  of  the  limb  tend  to  take  one  of  four  patterns  : — 

(1)  Flexion  of  fingers  and  wrist.  (2)  Extension  of  fingers  and  thumb, 
wrist  being  flexed  or  slightly  extended.  (3)  Extension  of  wrist  and  first 
phalanges,  with  flexion  at  interphalangeal  joint  and  apposition  of  thumb. 
(4)  Same  position  of  fingers  as  in  (2),  but  witli  flexion  of  the  wrist  and  pronation 
of  the  forearm.     Tiie  position  of  tlie  elbow  is  variable. 

All  voluntary  movements  of  the  hand  are  carried  out  slowly  and  with  diffi- 
culty. The  phenomenon  of  tonic  innervation  is  well  seen  in  the  right  hand 
and  wrist.  If  patient  when  grasping  the  observer's  hand  is  then  told  to  relax 
her  grip  she  is  unable  to  do  so  for  a  period  varying  between  fifteen  seconds 
and  two  minutes  ;  she  has  to  manoeuvre  her  arm  into  the  position  described  as 
necessary  when  extending  the  hand.  This  condition  is  not  seen  at  the  proximal 
joints,  but  occurs  to  a  sliglit  extent  at  tlie  right  ankle.  There  are  no  athetotic 
movements,  nor  motor  apraxia.  A  flexion  and  sometimes  an  extension  reflex 
(as  described  by  Eiddoch  and  Buzzard)  is  obtainable  in  both  upper  limbs  vvhen 
a  nocuous  stimulus  is  applied  to  either  extensor  or  flexor  aspect  of  arm. 

On  assuming  the  upright  posture  the  right  arm  at  once  becomes  extended 
at  elbow,  hyperpronated,  flexed  at  wrist  and  deviated  to  the  ulnar  side,  with 
fingers  flexed  into  palm.  As  soon  as  right  foot  touches  the  ground  it  becomes 
powerfully  inverted,  with  plantar  flexion  of  foot  and  toes,  but  the  hallux  is 
dorsiflexed  so  that  the  pad  of  the  toes  alone  touches  the  ground  ;  at  the  same 
time  there  is  extension  of  the  knee.  After  half  a  minute  or  so  the  tonic 
spasm  of  the  foot  gradually  relaxes  and  the  riglit  foot  assumes  its  correct 
posture  on  the  ground.  On  attemjiting  to  walk  the  right  leg  is  overflexed  at 
the  hip  and  the  whole  leg  goes  into  extensor  spasm  again,  the  attitude  of  tlie 
leg  at  this  stage  resembling  that  depicted  in  the  goose-step  of  the  German 
soldier.  Gradually  the  right  leg  is  lowered  and  toes  approach  the  ground  ; 
then,  as  spasm  relaxes,  the  heel  is  gradually  lowered  until  it  touches  the 
ground,  the  weight  meanwhile  being  transferred  to  right  leg.  As  the  right  leg 
is  carried  forward  the  right  arm,  maintaining  the  posture  described  above  with 
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palm  turned  outward,  is  powerfully  retracted  and  abducted  at  shoulder,  and  as 
the  patient  transfers  her  weight  on  to  the  right  leg  the  right  arm  comes  forward 
again  into  line  with  the  body. 

Remarks. — In  tliis  case  there  is  evidence  of  a  moderately  well  developed 
condition  of  Parkinsonian  rigidity  associated  with  a  slight  right  hemiplegia, 
and  in  all  probability  with  some  disturbance  of  the  left  pyramidal  tract,  as 
evidenced  by  tlie  nature  of  this  plantar  response  and  the  presence  of  a  well- 
marked  flexion  reflex  in  the  left  upper  limb  ;  despite  this  bilateral  pyramidal 
involvement  there  is  an  entire  absenceof  pseudo-bulbar  symptoms.  There  is 
no  evidence  that  the  phenomenon  of  tonic  innervation  depends  on  a  lesion  on  a 
higher  plane  than  the  internal  capsule,  which  however  was  the  case  in  seven 
out  of  the  nine  cases  collected  by  Wilson  and  Walshe.  The  condition  seems 
to  indicate  lack  of  reciprocal  inhibition  of  antagonists,  so  that  one  muscle 
group  remains  contracted  despite  volitional  attempts  to  innervate  the  opposing 
group  of  muscles.  In  this  case  apparently  the  same  phenomenon  is  present 
both  on  voluntary  and  on  passive  movement,  and  in  the  maintenance  of  a  posture 
of  right  liand  brought  about  by  the  observer  ;  therefore  no  separation  is  possible 
between  the  phenomena  occurring  on  voluntary  and  involuntary  movement. 
It  seems  certain  that  in  this  case  the  condition  of  tonic  innervation  can  be 
explained  by  a  central  lesion  resulting  in  a  disturbance  of  reflex  tonus.  The 
posture  which  develops  in  the  limbs  on  the  right  side  on  standing  or  attempt- 
ing to  walk  is  clearly  determined  by  the  assumption  of  the  upright  position, 
and  resembles  closely  the  antigravity  posture  as  described  by  Sherrington  in 
the  decerebrate  animal. 

I  am  indebted  to  Dr.  Campbell  Thomson  for  permission  to  show  this  case. 

Dr.  RiDDOCH,  referring  to  the  flexion  reflexes  of  the  upper  limbs,  said  they 
were  similar  to  those  observed  by  Buzzard  and  himself  in  hemiplegia  due  to 
cerebral  and  spinal  lesions.  In  this  case  there  can  be  no  doubt  of  the  exist- 
ence of  a  right-sided  liemiplegia,  and  there  is  evidence  that  the  left  pyramidal 
tract  has  sutt'ered  too,  in  the  indefinite  type  of  the  plantar  reflex  on  this  side. 
The  tonic  state  of  the  muscles  on  the  right  side  of  the  body,  the  "lead-pipe 
rigidity  "  of  the  limbs,  and  the  persistent  maintenance  of  postures,  differs  from 
that  seen  in  both  paralysis  agitans  and  post-encephalitic  lesions.  The  rigidity 
suggests  that  it  might  be  the  result  of  a  combined  hemiplegic  hypertonicity 
and  Parkinsonian  rigidity.  The  postures  of  both  the  upper  and  lower  limbs 
are  not  those  usually  observed  in  simple  lesions  of  the  pyramidal  system.  He 
emphasized  the  remarkable  feature  that  the  patient  can  open  her  hand  only 
on  supinating  the  arm,  and  that  the  wliole  limb  extends  when  she  closes  lier 
fingers.  Similarly  in  advancing  the  leg  the  whole  limb  extends,  and  the  ankle 
dorsiflexes  only  a  considerable  time  later. 

The  President  asked  whether  the  present  symptoms  were  the  immediate 
sequel  to  the  attack  of  encephalitis,  or  whether  they  had  been  progressive. 

Dr.  McAlpine  i-eplying  said  that  there  was  no  interval  between  the  acute 
symptoms  of  encephalitis  and  the  symptoms  whicli  the  patient  now  presents  ; 
these  have  been  progressive.    He  was  unable  to  accept  Dr.  Riddoch's  suggestion 
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that  the  hypertouicity  is  due  to  the  association  of  a  hemiplegic  and  Parkin- 
sonian rigidity. 

(3)  A   Form  oj  Juvenile  Amaurotic  Idioci/. 
By  Dr.  Geokge  Eiddoch. 

The  patient,  aged  10,  was  the  child  of  Jewish  parents,  who  were  also  first 
cousins.  A  brother  aged  13,  and  a  sister  aged  8,  are  both  alive  and  well. 
Birth  was  normal  and  the  child  was  breast-fed  until  18  months  of  age.  He 
walked  at  9  months  and  used  simple  words  at  1  year.  Development  was 
normal  until  4  years  of  age  when  the  legs  became  weak.  At  6  the  upper  limbs 
were  also  affected  and  obvious  symptoms  of  mental  deterioration  set  in,  the 
child  becoming  dull  and  apathetic,  with  occasional  outbursts  of  screaming  and 
destructiveness.  At  the  age  of  8  years  vision  was  noticed  to  be  affected,  and 
a  year  later  there  was  complete  paralysis  of  all  limbs,  curious  myoclonic  move- 
ments, over-reaction  to  loud  noises,  blindness  and  complete  idiocy.  The  child 
also  became  subject  to  epileptiform  fits.  Any  loud  noise  was  liable  to  evoke 
irregular  purposeless  movements.     The  child  has  wasted  considerably. 

Present  condition. — Complete  dementia,  blindness  and  spastic  paralysis  of 
upper  limbs  in  flexion  and  lower  liml:)S  in  extension.  Lies  on  his  back  with 
head  to  one  side  and  saliva  dribbling  from  his  open  mouth.  Quick  involuntary 
movements,  especially  of  upper  limbs,  occur  frequently.  Tliese  myoclonic 
movements  can  be  evoked  by  the  slightest  tap  on  any  part  of  the  body,  and 
sometimes  by  a  loud  noise.  They  are  often  bilateral  and  sx^mmetrical  and  are 
then  accompanied  by  movements  of  the  head  and  face,  contraction  of  the 
muscles  of  the  trunk  and  a  grunting  noise.  All  tendon  reflexes  are  mucli 
increased  and  the  plantar  response  is  extensor  on  both  sides. 

Ophthalmoscopic  examination  reveals  advanced  optic  atrophy  and  much 
pigmentary  degeneration  of  the  retina ;  there  is  a  large  mass  of  pigmentary 
change  near  the  left  macula.  No  cherry-red  spot  at  the  macula.  The 
Wassermann  reaction  of  the  blood  was  reported  as  being  doubtfully  positive. 

He  discussed  the  relation  of  this  case  to  the  Waren  Tay- Sachs  type  of 
amaurotic  family  idiocy,  which  is  Hmited  to  the  Jewish  race,  and  to  the 
luvenile  forms  of  this  disease  which  have  been  described  by  Batten  and  Mayou 
and  by  others. 

The  President  said  he  had  found  it  difficult  to  get  a  satisfactory  view  of 
the  fundi,  but  that  such  changes  as  he  had  seen  resembled  those  of  retinitis 
pigmentosa. 

Dr.  Gordon  Holmes  pointed  out  that  this  case  differs  in  many  of  its 
present  symptoms  from  the  typical  cases  of  infantile  and  of  juvenile  amaurotic 
idiocy.  The  term  idiocy  should  not,  in  fact,  be  applied  to  such  cases,  since  the 
mental  state  of  the  patient  was  apparently  normal  till  5  or  6  years  of  age. 
The  most  striking  difference  from  the  Spielmeyer  and  Batten-Mayou  groups 
is  that  in  this  patient  there  are,  in  addition  to  optic  and  retinal  atrophy,  large 
irregular  patches   of    pigment    in    the  retinae  which    resemble  those    due   to 
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syphilitic  retino-choroiditis.  He  was  consequently  not  surprised  that  on  one 
occasion  the  Wassermann  reaction  was  positive  or  doubtful.  Further,  the 
pigmentary  changes  are  grosser  and  more  widely  scattered  over  the  fundus 
than  in  the  Batten-Mayou  group.  In  many  of  these  cases  the  retinal 
degeneration  belongs  to,  or  resembles,  the  retinitis  pigmentosa  type,  but  the 
fundus  changes  he  saw  were  not  characteristic  of  this  condition.  There  were 
unquestionably  many  forms  of  progressive  dementia  and  paralysis  associated 
with  retinal  degeneration,  each  rigidly  typical  for  the  several  numbers  of  the 
family  it  afi'ects,  but  differing  in  many  respects  from  family  to  family. 

Dr.  ParKES  Weber  suggested  the  possibility  that  the  condition  was  one 
of  juvenile  general  paralysis  ;  the  same  type  of  spasmodic  movements  is  not 
uncommon  in  this  disease,  and  similar  fundus  changes  are  occasionally  met 
with. 

Dr.  Feiling  had  also  observed  similar  ocular  changes  in  syphilitic 
conditions  ;   he  had  recently  seen  them  in  a  patient  with  tabes  dorsalis. 

Dr.  ElDDOCH  in  replying  admitted  that  the  symptoms  differed  in  many 
respects  from  those  seen  in  the  Batten-Mayou  and  Spielmeyer  groups,  and  he 
must  admit  that  similar  retinal  changes  are  found  in  both  retinitis  pigmentosa 
and  in  syphilitic  conditions,  but  he  could  not  see  any  justification  for  the 
suggestion  that  his  case  may  be  merely  one  of  juvenile  general  paralysis. 

(4)    A  Specimen  shoicing  EndotheUoma  Cerebri  in  an  Unusual  Situation. 
By  Dr.  J.  P.  Martin. 

Patient  was  admitted  to  the  National  Hospital  under  the  care  of  Dr. 
Taylor,  April  18,  1922,  and  died  May  20.  For  three  years  he  suffered  with 
pins  and  needles  in  the  third,  fourth  and  fifth  fingers  of  the  left  hand  ;  this 
feeling  was  not  present  constantly  and  usually  occurred  in  the  morning.  It 
spread  slowly  up  the  left  arm,  and  he  became  unable  to  grasp  objects  with 
the  left  hand.  Towards  the  end  of  1920  the  right  arm  was  affected  in  the 
same   way,  but  in  it  the  paraesthesiae  spread  from  above  downw-ards. 

In  January,  1921,  he  was  admitted  to  St.  Thomas's  Hospital  ;  his  legs  had 
been  shaky  but  were  still  strong  and  did  not  cause  any  disability  in  walking  ; 
after  lying  in  bed  for  four  days  he  became  completely  paralysed.  He  gradually 
improved  and  was  discharged  three  mouths  later. 

About  July,  1921,  he  began  to  suffer  from  attacks  of  breathlessness.  He 
was  re-admitted  to  hospital,  and  again  became  weaker  w^hile  lying  in  bed. 
About  October,  1921,  he  became  unable  to  feed  himself  or  to  use  his  arms. 
He  never  had  dysuria  or  pain.  On  about  a  dozen  occasions  in  three  months 
before  his  admission  to  the  National  Hospital  he  had  seen  double. 

On  admission  very  helpless,  with  cyanosis  of  face  and  lips,  and  occasional 
attacks  of  breathlessness.  A  few  nystagmoid  jerks  developed  on  extreme 
deviation  of  the  eyes  to  either  side,  and  there  Avas  slight  left  facial  weakness. 

There  was  nowhere  loss  to  painful,  tactile  or  thermal  stimuli,  but  the 
appreciation  of  vibration  was  absent  in  both  arms  and  both  legs.     The  sense 
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of  position  was  lost  in  the  right  hand  and  arm  and  in  both  feet,  and  impaired 
in  the  left  hand.     There  was  complete  astereognosis. 

Patient  could  not  raise  his  head  from  the  pillow,  but  could  turn  it  from 
side  to  side.  When  he  was  sitting  in  a  chair  his  head  fell  forwards.  Both 
upper  limbs  were  quite  powerless,  they  lay  slightly  flexed  at  the  elbows  and 
wrists,  with  the  fingers  half  flexed.  There  was  no  spasticity  and  no  wasting  or 
fibrillation  of  the  muscles.  The  lower  limbs  lay  at  rest  in  full  extension.  The 
amount  of  power  varied  from  time  to  time  :  after  he  had  been  lying  down  he 
was  usually  unable  to  make  any  movement,  but  after  sitting  up  for  a  time  he 
could  make  movements  of  fair  power  at  all  joints. 

All  the  arm-jerks  were  brisk,  the  knee-jerks  exaggerated,  ankle-jerks 
present  with  clonus,  the  abdominal  reflexes  absent,  and  the  plantar  responses 
both  extensor.  There  was  defective  control  over  both  anal  and  vesical 
sphincters. 

The  Wassermann  reaction  was  negative,  and  the  electrical  reactions  of  the 
muscles  wei*e  normal.     X-rays  showed  no  spinal  lesion. 

Patient  died  of  hypostatic  pneumonia. 

AtUopsij. — The  tumour,  which  weighs  325  grm.,  is  pear-shaped  and  firm  in 
consistence.  It  fills  and  distends  the  cisterna  magna,  lying  between  the 
arachnoid  and  the  pia  mater.  A  small  knob  on  its  upper  and  posterior  surface 
compresses  the  right  lobe  of  the  cerebellum.  It  lies  against  the  foramen  of 
Magendie,  but  has  caused  little  hydrocephalus  as  the  foramina  of  Luschka 
are  unusually  wide.  The  posterior  surface  of  the  medulla,  from  the  tip  of  the 
calamus  scriptorius  downwards,  is  hollowed  out  by  its  pressure.  The  pressure 
affects  particularly  the  cuneate  and  gracile  nuclei,  the  restiform  bodies  being 
only  compressed  at  their  i)osterior  borders.  At  tlie  lower  end  of  the  medulla 
the  tumour  passes  to  the  right  of  the  mid-line  so  that  tlie  right  dorso-lateral 
surface  of  the  first  cervical  segment  is  compressed.  The  cord  at  this  level  is 
softened.  Microscopical  sections  show  the  tumour  to  be  a  typical  fibrous 
meningeal  endothelioma. 

(5)   Case  of  Scleroderniia. 
By  Dr.   MARTIN. 

In  March  1921,  patient  had  an  illness  said  to  be  influenza.  In  May  she 
had  difficulty  in  kneeling  on  account  of  pain  in  the  thighs  and  back.  In 
November  she  began  to  experience  stiffness  after  standing  for  a  short  time. 
Menstrual  periods  have  been  irregular  since  January  1921.  She  has  become 
thinner;  a  year  and  a  half  ago  she  weighed  8  st.,  now  she  weighs  a  little  over 
6  St. 

Present  condition. — High  comi>lexion,  skin  and  subcutaneous  tissues  of  the 
cheeks  feel  tough,  skin  of  the  nose  red  and  shiny,  lips  puckered,  mouth  can  be 
opened  to  a  limited  extent  only.  Scarcity  of  fat  all  over  the  body.  The  skin 
of  the  hands  is  hard,  shiny  and  difficult  to  pinch  up ;  the  fingers  are  short, 
podgy  and  swollen,  and  cyanosed  at  the  proximal  phalangeal  joints  ;  tlieir  move- 
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ments  are  limited  and  in  the  little  fingers  there  are  fiexor  contractures.  The 
feet  are  flat,  the  joints  are  swollen  and  the  toes  and  forepart  of  each  foot  are 
cyanosed.  The  elbows  cannot  be  fully  extended,  the  knees  are  prominent  and 
rounded,  and  full  extension  is  not  possible  at  them. 

No  changes  are  present  in  the  nervous,  circulatory  or  respiratory  systems. 

(6)  A   Case  of  Dennatoviyositis. 
By  Dr.  Martin. 

The  symptoms  had  commenced  gradually  one  and  a  half  years  before  with 
pains  in  the  limbs  and  swelling  in  the  hands  and  feet.  Thei'e  had  been  no  rise 
of  temperature  during  the  time  the  patient  had  been  under  observation.  The 
most  striking  feature  was  the  marked  hardening  of  the  skin  and  the  subcu- 
taneous tissues,  and  the  presence  of  firm  nodules  scattered  irregularly  over  the 
limbs ;  one  of  these  was  excised.  At  this  operation  there  was  found  to  be  a 
marked  thickening  of  the  subcutaneous  tissues.  The  nodule  consisted  merely 
of  a  fatty  centre  surrounded  by  a  capsule  of  dense  fibrous  tissue,  in  which 
there  were  numerous  inflammatory  cells.  In  this  case  the  limbs  only  were 
affected. 

Dr.  Parkes  Weber,  in  discussing  the  second  case,  pointed  out  that 
dermatomyositis  is  an  acute  inflammatory  lesion  of  the  muscles  which  has 
been  frequently  confused  with  trichinosis  in  countries  where  this  disease 
exists.  On  examining  this  case  he  found  no  evidence  of  an  inflammatory 
lesion  of  the  muscles,  while  it  appeared  to  him  that  the  nodules  were  merely 
circumscribed  lipomata.  The  condition  is  therefore  not  a  dermato-myositis, 
but  an  affection  closely  allied  to  sclerodermia. 

The  first  case  seems  to  be  one  of  typical  generalized  sclerodermia.  It  was 
interesting  that  so  much  improvement  had  been  noticed,  and  he  inquired  as  to 
the  treatment  which  had  been  adopted. 

The  President  drew  attention  to  the  curious  course  run  by  some  of  these 
cases,  and  to  the  fact  that  the  muscles  are  sometimes  involved.  He  recalled 
a  case  of  acute  sclerodermia,  from  the  manifestations  of  which  the  patient  had 
made  a  complete  recovery,  but  then  developed  tyi)ical  symptoms  of  progressive 
muscular  atrophy. 

Dr.  Martin  in  replying  stated  that  the  second  case  had  been  treated  by 
thyroid  extract,  sinusoidal  current  baths  and  massage  during  the  past  three 
months,  and  tliat  it  was  under  this  treatment  that  some  degree  of  recovery 
had  taken  place. 
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CLINICAL  MEETING  AT  THE  NATIONAL  HOSPITAL  FOE  THE 
PARALYSED  AND  EPILEPTIC,  QUEEN  SQUARE,  W.C,  ON 
THURSDAY,  JANUARY  IL 

Dr.  Wilfred  Harris,  President,  in  the  Chair. 

(1)  Case  of  Dystrophia  Myotoniea. 
By  Dr.  W.  J.  Adie. 

W.  A.,  aged  44.  Married.  Enjoyed  good  health  until  March,  1917,  when 
whilst  undergoing  military  training  he  passed  througli  a  severe  feverish  illness 
diagnosed  as  influenza  ;  during  convalescence  he  sufl'ered  from  severe  pains  in 
the  lower  limbs  ;  the  pains  subsided  in  a  few  months  but  left  behind  them  a 
weakness  of  the  lower  limbs  which  steadily  increased,  and  soon  appeared  in 
the  arms  as  well.  About  a  year  after  the  onset  of  weakness  in  the  legs,  and 
some  time  after  the  arms  became  weak,  he  noticed  that  he  had  difficulty  in 
relaxing  his  grasp  ;  this  trouble  persists.  His  facial  appearance  has  altered 
considerably  ;  all  his  muscles  have  wasted  ;  his  speech  is  not  so  clear  as  it 
used  to  be  ;  his  hair  is  falling  out  rapidly  ;  he  has  lost  over  2  st.  in  weight ; 
he  has  not  had  sexual  connection  for  some  years  and  desire  is  absent.  Apart 
from  weakness  in  the  limbs  he  feels  well.  He  has  never  heard  of  a  similar 
complaint  or  of  cataract  in  any  other  member  of  his  family.  He  has  four 
healthy  children. 

Present  condition  :  Facies  myopathica  ;  atrophy  of  sternomastoids,  deep 
neck  muscles,  forearms  and  legs.  Active  myotonia  in  hand  grasps.  Reactive 
myotonia  in  tongue,  small  muscles  of  hands,  deltoids  and  thighs.  All  tendon 
reflexes  absent.  Frontal  baldness,  acro-cyanosis,  small  soft  testicles,  narrow, 
high- arched  palate. 

(2)  Case  of  Myotonia  Congenita. 
By  Dr.  Lewis  E.  Yealland.' 

P.  S.,  aged  18,  male  ;  one  of  twins.  A  paternal  uncle  suffers  from  cataract ; 
nothing  else  from  an  hereditary  point  of  view  is  discoverable.  The  patient  was 
breast-fed  and  there  was  no  difficulty  in  feeding  him.  He  began  to  walk  at 
the  age  of  2  years  (a  year  later  than  his  twin  brother),  was  clumsy  and  made 
slow  pi'ogress.  At  the  age  of  2J  his  mother  first  noticed  that  w^hen  the 
patient's  face  was  slapped  for  punishment,  "his  nose, drew  over  to  one  side 
and  remained  there  for  a  few  seconds."  At  the  age  of  3,  the  patient  was 
taken  to  India  with  his  parents,  and  during  his  five  years  there  nothing 
abnormal  was  observed  ;  he  walked  normally  and  played  games  with  other 
children.  At  the  age  of  8,  he  returned  to  England  and  began  school.  During 
his  first  week  there  (a)  he  saw  double  when  looking  at  the  blackboard  from 
an  angle;  (b)  his  hand  became  "stiff"  when  writing  and  he  was  unable  to 
release  his  pencil  from  it ;  (c)  at  the  first  school  drill  he  was  compelled  to  fall 
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out  after  twenty  minutes'  participation,  on  account  of  a  gradually  increasing 
stiffness  which  began  in  the  neck  and  spread  rapidly  to  the  arms,  trunk  and 
legs.  The  stiti'ness  was  superseded  by  limpness,  and  in  less  than  thirty 
seconds  from  the  commencement  of  the  symptoms  he  fell  and  was  unable  to 
move.  He  was  taken  home  and  remained  in  bed  three  days  limp  and  help- 
less, but  was  able  to  swallow  his  food  when  fed.  Similar  attacks  have  occurred 
since  during  exertion,  and  an  attack  will  come  on  after  thirty  minutes  to 
one  hour's  walk  in  the  cold.  In  warm  weather  he  is  almost  free  from  the 
attacks.  After  prolonged  rest  the  patient  is  much  better,  and  he  is  in  his  best 
state  the  first  thing  in  the  morning  after  a  prolonged  rest.  The  condition  is 
gradually  becoming  worse. 

The  patient  is  well  developed.  There  are  no  deformities.  Skin,  mucous 
membrane,  skull  and  spine,  heart  and  lungs  are  all  normal.  The  optic  discs 
are  clear  and  there  are  no  evidences  of  organic  changes  in  the  central  nervous 
system. 

Eepetition  of  any  voluntary  movement  to  order  (e.g.,  eye  movements^ 
whistling,  biting,  yawning,  flexion  and  extension  of  the  elbow,  wrist,  knee  or 
ankle)  produces  a  gradually  increasing  tonic  contraction  of  the  part  and  will, 
if  persevered  in,  result  in  complete  cessation  of  movement.  The  same  state  o^ 
stiffness  can  be  induced  by  the  patient  at  will  by  throwing  groups  of  muscles 
forcibly  into  contraction.  Eelaxation  of  muscles  occurs  gradually  and  is 
independent  of  the  patient's  will.  Eelaxation  of  the  hand  grasp  is  slow 
and  awkward,  the  index  finger  extends  first,  followed  by  the  others  in  succes- 
sion, and  the  movement  seems  to  be  dependent  on  the  patient's  effort.  A  slow 
tonic  contraction  of  muscles  follows  a  sharp  tap  of  the  percussion  hammer. 
The  myotonic  electrical  reactions  are  positive. 

Discussion. 

Dr.  James  Collier  considered  that  there  was  no  doubt  about  the 
diagnosis  of  myotonia  congenita  in  this  case.  It  showed  in  a  typical  manner 
the  effect  of  cold  in  increasing  the  tendency  to  myotonia,  and  resembled  most 
reported  cases  in  that  the  spasms  were  not  decreased  by  exercise  of  the  affected 
muscles. 

The  President  asked  Dr.  Yealland  if  he  had  seen  attacks  in  which  the 
patient  was  helpless.  Was  it  possible  that  these  attacks  were  in  any  way 
similar  to  attacks  of  family  periodic  paralysis  ? 

Dr.  Yealland  replied  that  he  had  not  himself  ol)served  such  attacks,  bub 
the  evidence  he  had  been  able  to  collect  tended  against  this  suggestion. 

(3,  4,  5)   Three  Cases  shoiving  Retraction  of  the  Eijelids. 
By  Dr.  James  Collier. 

(3)   Case  of  Tumour  affecting  the  Mid-Brain. 

The  patient  presents  the  following  signs  :  Pronounced  psychic  impairment. 
Papilloedema.  The  pupils  react  very  poorly  to  light,  often  the  right  pupil  does 
not  react  to  light  at  all.     Ketraction  of  both  upper  eyelids.     Defective  upward 
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movement  of  the  eyes.  Right  facial  weakness,  especially  on  emotional  move- 
ment. Absolute  incontinence  of  urine.  Slight  weakness  of  the  riglit  side  of 
the  body,  with  extensor  plantar  reflex  on  that  side. 

(4)  Case  of  Mid-Brain  Lesion. 

A.  K.  History  :  In  October,  1921,  the  patient  noticed  shaking  of  the  right 
hand  ;  it  passed  oflf  after  about  a  fortnight.  In  February,  1922,  the  tremor 
returned  :  both  the  right  arm  and  the  right  leg  began  to  shake  and  she  had 
double  vision  ;  her  speech  became  slow  and  jerky. 

Examination  :  Discs  clear.  Nystagmus  :  Vertical  in  right  eye,  oblique  in 
left.  Defective  upper  movement  of  both  eyes ;  left  eye  turned  slightly  down- 
wards and  inwards.  Ptosis  of  right  upper  lid  ;  retraction  of  left  upper  lid 
with  positive  von  Graefe's  sign.  Speech  very  ataxic.  During  speech  there  is 
11  rhythmical  upward  and  downward  movement  of  the  eyebrows  and  tremor 
of  the  head.  There  is  a  coarse  tremor  of  the  right  hand.  No  loss  of  power 
in  the  limbs.  No  changes  in  the  reflexes,  except  that  the  plantar  reflex  on 
the  left  side  is  doubtful. 

(5)   Case  of  Disseminated  Sclerosis  ivith  lietraction  of  the  Eyelids. 

G.  L.,  aged  41.  Right  leg  began  to  drag  seven  years  ago ;  since  then 
symptoms  have  been  steadily  progressive,  and  consist  of  stiffness  in  both  legs, 
spasms  of  lower  limbs  at  night,  precipitancy  of  micturition  and  incontinence. 

Examination  :  Pupils  equal ;  react  normally.  Nystagmus.  Retracted 
lids,  von  Graefe's  sign  present.  Slight  intention  tremor  in  hands  ;  no  ataxy  or 
loss  of  power  of  upper  limbs.  Lower  limbs  very  spastic,  frequent  flexion 
spasms. 

Reflexes  :  Arm  jerks  all  present ;  knee  and  ankle  jerks  exaggerated.  Abdo- 
minal reflexes  absent,  plantar  reflexes  both  extensor.  Cerebrospinal  fluid 
shows  no  abnormality. 

(6)  Case  of  "  Spondylose  rhizomdliqice." 
By  Dr.  James  Collier. 

The  vertebral  column  is  rigidly  ankylosed  throughout  its  length  ;  the  hip 
joints  and  knee-joints  are  also  immobile  ;  the  right  shoulder-joint  shows  great 
limitation  of  movement.  The  disease  began  ten  years  ago ;  patient  has  been 
in  a  spinal  cari'iage  for  five  years. 

X-rays  showed  ossification  of  the  short  intervertebral  ligaments. 

Discussion. 

Dr.  J.  G.  Greenfield  asked  whether  there  was  in  this  case  any  sign  of 
gonorrhoea,  or  of  any  focus  of  chronic  sepsis.  Some  cases  of  this  afl'ection 
had  been  attributed  by  French  writers  to  gonorrhoea.  He  remembered  a  case 
under  Dr.  Batten's  care  in  the  National  Hospital  in  1911,'  in  which  gonorrhoea 

'  Case  shown  at  Meeting  of  Neurological  Section  of  the  Royal  Society  of  Medicine, 
May  4,  1911. 
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was  suspected  but  could  not  be  proved.  In  the  majority  of  cases  the  disease 
commenced  about  the  age  of  20,  and  this  fact,  as  well  as  the  nature  of  the 
pathological  changes  and  the  distribution  of  the  ankylosis  (which  always  left 
the  hands  unaffected)  distinguished  spondylose  rhizom^lique  from  the  chronic 
rheumatic  diseases  of  the  spine. 

Dr.  Collier  replied  that  of  six  cases  of  this  condition  which  he  had 
observed  none  had  suffered  from  gonorrhoea,  nor  was  there  any  history  or 
evidence  of  it  in  the  present  case.  In  one  of  his  cases  the  disease  came  on 
after  puerperal  sepsis,  but  in  the  others  there  was  no  focus  of  infection.  In 
the  majority  of  his  cases  the  spine  had  been  ventrally  curved,  but  in  one  it 
was  curved  backwards  as  in  the  present  case.  In  one  case  the  affection 
started  in  the  neck,  and  in  six  months  spread  down  the  spine  to  the  sacrum 
rendering  the  patient  as  helpless  as  if  he  had  developed  total  paraplegia.  He 
considered  that  the  ankylosis  of  the  spine  was  never  bony  as  there  was  always 
pain  on  any  attempts  at  passive  movement. 

(7)   Case  of  Disseminated  Sclerosis  loith  Muscular  Wasting. 
By  Dr.  James  Taylor,  C.B.E. 

H.  C,  aged  47.  Previous  health  good.  Fracture  of  left  leg  below  knee 
when  aged  13.  Present  trouble  started  eight  years  ago  by  the  left  knee  giving 
way  and  the  left  leg  becoming  weak.  One  year  ago  he  discovered  that  on 
reading  he  "  was  using  the  left  eye  only."  About  the  same  date  the  left  grasp 
became  weak  and  a  sensation  of  pins  and  needles  was  felt  in  the  left  forearm 
and  hand.     There  was  also  dysuria. 

On  admission,  November  6,  1922  :  Vision  of  right  eye  tV,  of  left  6T».  Left 
disc  distinctly  pale,  chiefly  in  temporal  half.  Nystagmus  on  lateral  deviation 
to  both  sides.  Marked  spasticity  of  left  upper  and  lower  extremities.  Wasting 
of  left  trapezius  and  muscles  of  left  shoulder-girdle.  Weakness  of  right 
rhomboids.  The  left  arm  and  leg  are  less  bulky  and  thinner  than  the  right. 
Subjective  sensation  of  pins  and  needles  in  left  forearm  and  hand,  and  numb 
feeling  in  the  feet.  Slight  diminution  to  cotton  wool  and  pin-prick  over  left 
leg.  Extensors  wasted.  Plantars,  right  extensor,  left  flexor.  Left  ankle 
clonus.  Knee  and  ankle  jerks  increased.  Abdominals  absent  left,  doubtful 
right.  Wassermann  reaction  negative  in  blood  and  cerebrospinal  fluid.  X-ray 
examination  shows  lipping  and  osteophytic  outgrowths  of  cervical  and  lumbar 
vertebrae. 

The  evidence  of  disseminated  sclerosis  in  this  case  rested  chiefly  on  the 
nystagmus,  the  difficulty  in  articulation  and  the  signs  of  lateral  sclerosis. 
The  winging  of  the  scapulae  was  probably  due  to  some  other  cause,  and  it  was 
possible  that  the  osteophytic  growths  in  the  spine  might  account  for  this  and 
some  of  the  other  symptoms. 

Discussion. 

Dr.  Collier  said  that  he  would  never  admit  wasting  of  muscles  as  a 
symptom  of  disseminated  sclerosis. 

The  President  said  that  he  had  seen  quite  definite  atrophy  of  the 
interosseous  muscles  of  the  hands  in  disseminated  sclerosis. 
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(8)  Case  for  Diagnosis  :  Spinal  Co7uprcssioii  or  Disseminated  Sclerosis. 
By  Dr.  F.  :M.  R.  Walshe. 

E.  \V.,  aged  37.  Past  health  good.  Patient  has  six  children,  all  in  good 
health.  Duration  of  symptoms  eighteen  months.  Onset  with  pain  in  sole  of 
left  foot,  followed  hy  stiffness  at  back  of  left  knee.  In  three  months  time 
lost  the  use  of  left  leg.  Sensation  of  pins  and  needles  in  left  leg  when  it  was 
accidentally  bumped.  The  right  leg  became  weak  and  powerless  two  months 
later.     Dysuria  for  the  last  six  months. 

On  examination,  December  27,  1922  :  No  abnormality  of  tlie  cranial  nerves 
or  upper  extremities.  Legs  usually  in  rigid  extension,  feet  plantar  flexed, 
halluces  in  extension.  Marked  adductor  spasm.  Flexor  spasms  of  the  legs 
have  been  becoming  more  frequent.  No  sensory  changes-  Knee  and  ankle 
jei-ks  increased.  Plantars  give  extensor  responses.  Abdominal  reflexes : 
Upper  feeble,  lower  absent.  Eeflex  responses  to  cutaneous  stimulation  of 
both  legs  very  active.  Cerebrospinal  fluid  clear,  colourless,  no  cells ;  total 
proteid  O'l  per  cent.  Wassermann  reaction  negative  in  blood  and  cerebrospinal 
fluid. 

Discussion. 

Mr.  C.  P.  Symonds  said  that  he  had  never  seen  a  case  of  disseminated 
sclerosis  in  which  the  protein  in  the  cerebrospinal  fluid  rose  as  high  as  O'l  per 
cent. 

(9)   Case  of  Syringomyelia. 

By  Dr.  S.  A.  Kinnier  Wilson. 

L.  H.,  aged  16.  Previous  health:  Diphtheria,  "rheumatism"  at  the  age 
of  4,  and  frequently  since  in  legs,  arms,  and  shoulders.  Operation  for  adenoids 
when  10  years  old.  Twelve  months'  history  of  painless  sores  on  the  right  hand 
and  fingers. 

November  12, 1922  :  Experienced  a  feeling  of  coldness  in  right  half  of  body. 
At  the  same  time  she  noticed  tliat  she  could  not  appreciate  tiie  temperature  of 
water  with  the  right  arm  or  hand.  At  the  same  period  slie  noticed  the  left 
pupil  was  getting  smaller  and  tlie  left  eyelid  drooping. 

On  admission,  December,  1922  :  Left  pupil  smaller  than  right,  left  eyelid 
drooping.  Slight  impairment  of  tactile  sensibility,  marked  thermal  and  pain 
loss  in  left  trigeminal  area.  Tongue  on  protrusion  deviates  slightly  to  the  left. 
Very  slight  spasticity  of  right  arm  and  leg.  Eight  leg  weaker  than  left. 
Sensory  loss  to  pinprick  and  temperature  over  right  half  of  body  up  to  a  trans- 
verse line  in  mid-cervical  I'egion.  Faint  diminution  to  tactile  stimuli  over  the 
same  area.  Knee  and  anklejerks  greater  on  right  than  on  left  side.  Plantars  : 
right  doubtful,  left  flexor.     Sphincters  unafi'ected. 

(10)   Case  for  Diagnosis,  x>ossihly  Amyotonia  Cmigenita. 
By   Dr.   S.  A.   KiNNIER  WiLSON. 

B.  W.,  aged  11.  Child  born  normally.  Began  to  walk  at  normal  age. 
He  is  the  second  youngest  of  eight  children.     At  the  age  of  4  he  was  noticed 
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by  his  mothei'  to  be  double-jointed.  He  began  at  this  time  to  "fall  about." 
The  -weakness  of  tlie  legs  has  been  progressive  in  tlie  last  three  years.  At 
present  he  is  unable  to  stand  unsupported. 

Mentally  the  child  is  bright  and  intelligent.  When  sitting  up  the  back  is 
unduly  rounded.  The  arms  are  thin  and  their  strength  poor.  The  muscular 
power  of  the  legs  is  very  poor.  Impaired  muscle  tone  in  all  limbs,  the 
deficiency  being  greater  in  tlie  legs  than  in  the  arms,  over-extension  at  the 
knees  on  passive  movements  being  very  prominent.  No  contractures  present. 
Arm-jerks  very  feeble.  Abdominals  active.  Knee-jerks :  Eight  greater  than 
left,  which  is  feeble.  Ankle-jerks:  Eight  feeble,  left  not  obtained.  Plantars  : 
Eight  indefinite,  left  flexor.     Sphincters  unaffected. 

(11,  12)  Congenital  Neurosyphilis  in  Brother  and  Sister. 
By  Dr.  S.  A.  KiNNlER  WiLSON. 

(11)  D.  J.,  aged  10.  Epileptiform  fits  since  age  of  5.  Automatism,  spite- 
fulness.  Mentally  clear,  Hutchinson's  teeth.  Pupils  unequal,  poor  light 
reaction.     Wassermann  in  blood,  negative. 

(12)  G.  J.,  aged  7.  At  the  age  of  5,  paraplegia  ;  unable  to  walk  since 
arrest  of  mental  development.  Pupils  Argyll-Eobertson.  Knee-jerks  in- 
creased, plantars  extensor,  gait  spastic  and  stamping.  Ocular  fundi,  dis- 
seminated choroiditis.    ^Yassermann  in  blood  positive. 

Discussion. 

Dr.  James  Taylor  said  that  in  his  experience  two  members  of  a  family 
with  congenital  syphilis  usually  suffered  in  different  ways.  One  of  his  patients, 
a  boy  who  was  afflicted  with  optic  atrophy,  was  brought  to  hospital  by  a 
younger  sister  who  had  Hutchinsonian  teeth,  interstitial  keratitis,  and  other 
signs  of  congenital  syphilis,  which  were  absent  in  the  brother.  The  older 
patient  eventually  developed  G.P.I,  and  died,  whereas  his  sister  remained  free 
from  symptoms  of  nervous  disease. 

The  President  said  that  Dr.  Taylor's  cases  argued  strongly  against  the 
assumption  that  there  was  a  neurotoxic  strain  of  the  Spirochaete  pallida. 

(13)  Case  of  Syringomyelia,  with   much  Sensory  and  Motor  Impairment   and 

little  Wasting. 

By  Dr.  C.  M.  Hinds  Howell. 

M.  G.,  aged  23.  Patient  "fell  down  "  in  a  seizure  or  faint  while  at  work 
in  February,  1919.  Afterwards  she  had  an  illness  thought  to  be  influenza. 
After  the  illness  she  was  troubled  with  "hot  sweats"  affecting  the  left 
shoulder  and  left  side  of  neck  and  head.  Later  she  noticed  weakness  of  the 
left  hand  while  at  work.  In  February,  1922,  the  right  leg  began  to  feel  stiff 
and  she  had  a  sensation  of  cold  waves  passing  up  and  down  this  limb. 

On  examination  it  is  found  that  the  left  pupil  is  greater  and  the  left  palpe- 
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bral  fissure  smaller  than  on  the  right  side.  There  is  no  nystagmus.  There  is 
partial  loss  of  pain  sense  and  of  appreciation  of  cold  over  the  left  half  of  the 
forehead  and  over  the  lateral  part  of  the  left  cheek.  The  left  arm  is  weak, 
particularly  the  hand  grasp;  the  thenar  and  hypothenar  eminences  are  wasted. 
The  deep  reflexes  are  absent  in  the  left  arm.  The  right  arm  sliows  no  weakness 
or  wasting. 

Both  lower  limbs  are  silastic,  right  more  so  than  the  left.  Tlie  knee  and 
ankle  jerks  are  exaggerated  and  ankle  clonus  is  present.  Both  plantar  reflexes 
are  extensor. 

There  is  loss  of  tactile  sensibility  over  the  outer  side  of  the  right  leg  only. 
Pain  sense  is  lost  over  both  arms  and  both  shoulders,  and  is  impaired  all  down 
the  right  side  of  the  trunk  and  over  the  whole  of  the  right  lower  liml)  ;  on  the 
left  side  of  the  body  there  is  a  similar  impairment  down  to  the  lower  border  of 
the  fourth  dorsal  segment  both  in  front  and  behind. 

Recognition  of  heat  is  completely  lost  over  the  whole  of  tlie  right  half  of 
the  body  except  the  face,  and  over  the  left  arm  and  left  side  of  tlie  ti'unk  down 
to  the  level  of  the  tenth  dorsal  segment.  Loss  of  recognition  of  cold  corre- 
sponds almost  exactly  in  its  distribution  to  the  impairment  of  sensibility 
to  pain. 

(14)   Case  for  Diagnosis. 
By  Dr.  C.  M.  Hinds  Howell. 

G.  S.  In  October,  1922,  eight  weeks  before  admission  to  hospital,  patient's 
legs  became  weak  while  he  was  out  walking  ;  for  about  a  week  before  that  he 
had  been  losing  the  grip  in  the  left  hand  and  the  left  arm  used  to  hang  limply. 
Since  the  day  when  his  legs  gave  way  he  has  become  steadily  weaker  and  he 
has  been  aware  of  flickering  in  the  muscles  of  his  thiglis.  Since  admission  the 
right  arm  has  become  weak  and  he  has  become  incontinent  of  urine  and  fasces. 
His  neck  has  become  stiff  and  it  is  painful  when  moved. 

Examination  :  Left  pupil  slightly  smaller  than  riglit.  Fibrillation  present 
in  tongue.  Complete  flaccid  palsy  of  left  arm.  Right  arm  becoming  rapidly 
weaker.  Abdominal  and  chest  muscles  weak  ;  diaphragm  does  not  seem  to 
be  acting.  Left  lower  limb  weaker  than  right.  Fibrillation  in  muscles 
nearly  all  over  the  body,  but  especially  in  the  thighs  ;  w^asting  most  pronounced 
in  the  muscles  of  the  back  and  in  the  left  lower  limb.  Sensory  loss  variable  ; 
fairly  complete  in  both  arms,  less  complete  on  chest  with  a  level  at  the  angle 
of  the  sternum.  Sensory  loss  on  the  lower  limbs  much  less  than  on  the  upper  ; 
right  lower  limb  more  affected  than  left.  Reflexes  :  Knee-jerks  brisk  ;  plantars 
extensor. 

Most  of  the  signs  presented  by  this  case  suggested  tlie  diagnosis  of  com- 
pression of  the  cervical  region  of  the  cord  by  a  tumour.  But  this  would  not 
explain  the  fibrillation  which  was  present.  X-rays  showed  erosion  of  the 
second  cervical  vertebra  and  some  shadows  suggesting  an  intrathoracic 
tumour.     As  the  condition  was  rapidly  progressive  he  considered  that  it  was 
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probably  due  to  a  diffuse  sarcomatous  or  gliomatous   invasion   of  the  spinal 
cord.     The  cerebrospinal  fluid  contained  01  per  cent,  protein. 

Discussion. 

The  President  described  a  somewhat  similar  case  with  total  paralysis 
and  anaesthesia  of  the  right  arm  and  partial  paraplegia  in  which  he  had  advised 
operation.  The  surgeon  found  no  tumour,  but  noted  no  pulsations  of  the  cord 
or  dura  mater.  He  therefore  explored  upwards  under  the  laminal  arches  and 
came  against  a  resistant  mass.  When  he  tried  to  break  through  this  there  was 
a  gush  of  blood  which  proved,  post  mortem,  to  have  come  from  an  aneurysm 
of  the  posterior  inferior  cerebellar  artery. 

Dr.  James  Taylor  said  that  he  had  seen  a  similar  case,  which  also 
presented  the  symptom  of  fibrillation  of  muscles,  and  which  proved  to  be 
due  to  gliomatosis  of  the  cord. 

Dr.  RiDDOCH  described  a  case  of  quadriplegia  with  signs  of  spinal  com- 
pression and  multiple  root  lesions  but  with  few  sensory  alterations,  due  to 
sarcomatosis  of  the  meninges.  The  cerebrospinal  fluid  in  this  case  was  yellow, 
very  highly  albuminous  and  contained  many  tumour  cells,  some  of  which 
showed  mitotic  figures. 

(15)   Case  of  Disseminated  Sclerosis. 
By  Dr.  W.  Aldren  Turner. 

G.  W.,  aged  35.  About  one  and  a  half  years  ago  patient  began  to  be 
troubled  with  a  trembling  of  the  right  arm,  becoming  more  marked  when  he 
used  the  arm  ;  this  tremor  has  gradually  become  coarser.  About  the  time 
the  tremor  commenced  patient's  gait  became  somewhat  unsteady.  Fifteen 
months  ago  his  speech  became  jerky  and  has  got  steadily  worse  up  to  the 
present.  Four  years  ago  patient  fell  off  a  bicycle,  striking  his  head  and 
bruising  his  right  elbow. 

Examination  ;  Discs  normal.  Pupils  unequal,  left  greater  than  right, 
regular,  slightly  eccentric,  some  retraction  of  eyelids,  react  normally.  External 
ocular  movements  good,  no  nystagmus,  squint  or  diplopia.  Movements  of 
face,  palate  and  tongue  normal.  Numbness  in  both  hands.  No  demonstrable 
loss  to  pinprick  or  cotton  wool.  Sense  of  position  in  space  and  localization 
of  touch  normal.  No  astereognosis.  Violent  intention  tremor  of  the  right 
arm,  so  great  that  it  shakes  the  whole  body.  The  tremor  is  not  purely 
intentional,  for  it  is  sometimes  present  mildly  in  the  shoulder  during  rest. 
The  left  arm  shows  a  slight  tremor  of  the  intention  type.  There  is  no  loss 
of  power  or  limitation  of  movement.  Arm-jerks :  equal  on  the  two  sides  ; 
biceps- jerk  not  obtained.  Eight  knee  and  ankle  jerks  greater  than  left.  No 
ankle  clonus.  Abdominals  :  present  and  equal  on  the  two  sides.  Plantars  : 
both  flexor.  Gross  ataxia  of  gait :  the  arms,  especially  the  right,  make  large 
movements  which  react  on  the  whole  body.  No  Rombergism.  Wassermann 
reaction  negative.  The  cerebrospinal  fluid  is  normal  except  that  it  gives  a 
'  paretic  "  curve  with  the  Lange  test. 
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Progress :  Little  change  noticed  in  arms,  though  patient  feels  that  the 
tremor  of  the  right  arm  now  involves  the  shoulder  more.  Both  legs  are 
affected  by  tremor  and  the  left  is  now  rather  worse  than  the  right. 

Discussion. 

Dr.  Symonds  said  that  he  had  noticed  in  the  history  of  this  case  tliat  the 
patient  had  had  an  illness  called  "  influenza  "  six  months  l)efore  the  onset  of 
the  tremor.  He  considered  it  possible  that  this  was  really  a  mild  attack  of 
encephalitis  lethargica.  He  had  seen  involuntary  movements  follow  an 
attack  of  encephalitis  letliargica  so  mild  as  not  to  keep  the  patient  in 
bed.  He  had  observed  Lange  reactions  of  the  "  paretic"  type  in  the  cerel)ro- 
spinal  fluid  of  two  cases  of  encephalitis  lethargica. 

Dr.  ElDDOCH  was  inclined  to  agree  with  Dr.  Symonds  in  considering  that 
this  case  was  due  to  encephalitis  lethargica.  The  steady  onset  of  symptoms 
without  any  remission  was  unlike  disseminated  sclerosis.  He  had  often 
noticed  similar  gross  involuntary  movements  come  on  gradually  after 
encephalitis  lethargica. 


(16)  Case  of  Unilateral  Affection  of  the  7,  9,  10,  11,  and  12  Cranial  Nerves. 
By  Dr.   C.   P.    SYMONDS. 

Miss  T.,  aged  30.  In  July,  1919,  she  had  some  teeth  extracted.  Shortly 
afterwards  she  noticed  a  discharge  from  her  left  ear,  for  which  she  did  not 
consult  a  doctor.  This  was  followed  by  gradually  increasing  deafness  in  the 
left  ear.  In  March,  1920,  she  first  noticed  hoarseness  which  prevented  her 
singing.  About  the  same  time  she  began  to  experience  pain  in  the  left  shoulder 
and  found  that  this  occurred  especially  when  she  attempted  to  carry  heavy 
objects  in  the  left  hand.  In  the  summer  of  1921  her  voice  improved,  so  that 
she  was  again  able  to  recite,  though  singing  was  still  impossible.  The  pain  in 
the  left  shoulder  was  also  less  noticeable.  During  the  last  year  the  voice  has 
again  become  hoarser,  and  the  trouble  in  carrying  things  with  the  left  arm  has 
increased.  She  has  also  occasionally  noticed  some  difficulty  in  swallowing. 
In  October,  1922,  for  the  first  time  she  had  a  brief  attack  of  left  facial  spasm. 
In  this  the  eye  closed  and  the  whole  side  of  the  face  was  screwed  up.  Since 
then  she  has  had  several  such  attacks. 

On  examination  the  positive  findings  are :  Left-sided  conduction  deafness^ 
together  with  a  fleshy  mass  obscuring  the  membrana  tympani,  probably  a 
polyp.  A  fragment  has  been  removed  for  microscopical  examination,  which 
shows  it  to  be  a  capillary  angeioma.  Left  facial  palsy  of  peripheral  type. 
Paresis  of  the  left  vocal  cord  and  left  side  of  the  palate.  Weakness  and 
wasting  of  the  left  sternomastoid  and  trapezius.  Atrophic  palsy  of  the  left 
side  of  the  tongue.  Wassermann  negative  in  blood.  X-ray  of  head  and  upper 
cervical  spine  negative. 
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(17)   Case  of  Unilateral  Affection  of  Cranial  Nerves  9  to  12  {Tapia's 
Srjndrome)  associated   vitJi   Chronic  Otitis  Media. 

By  Dr.  C.  P.  Symonds. 

Miss  C,  aged  35.  She  has  suffei'ed  from  bilateral  otorrhcBa  from  time  to 
time  since  childhood.  She  had  tonsillitis  at  the  age  of  28,  is  subject  to  head- 
aches, and  has  attended  Guy's  Hospital  for  constipation.  In  February,  1921 
she  first  noticed  hoarseness,  and  was  referred  from  the  medical  to  the  throat 
department.  It  was  there  observed  that  the  left  vocal  cord  was  paralysed. 
When  seen  a  few  days  later  the  positive  findings  were  :  Paralysis  of  left  vocal 
cord  and  weakness  of  left  side  of  soft  palate.  Weakness  and  wasting  of  left 
sternomastoid  and  trapezius.  Atrophic  palsy  of  the  left  half  of  the  tongue. 
Evidence  of  old-standing  otitis  media  on  both  sides  with  a  moderate  degree  of 
conduction  deafness.  The  blood :  Wassermann  was  negative.  X-ray  of  the 
head  and  of  the  upper  cervical  spine  showed  no  abnormality. 

Under  observation  this  patient  has  shown  little  change  during  the  past 
tsvo  years  except  for  the  tendency  of  the  hoarseness  to  diminish. 

Discussion  (Cases  16  and  17). 

The  President  considered  Dr.  Symonds's  cases  to  be  similar  to  those 
described  in  textbooks  as  "  polyneuritis  cranialis,"  the  causation  of  which  had 
been  traced  in  some  cases  to  otitis  media. 

Dr.  Collier  said  that  he  had  followed  seven  similar  cases  to  autopsy,  and 
in  every  case  osteomyelitis  of  the  base  of  the  skull  had  been  found.  In  one  the 
disease  had  followed  a  bullet  wound  of  the  cranium  ;  in  another  a  tubercular 
osteomyelitis  of  the  basi-sphenoid,  and  in  the  remainder  ear  disease  was  the 
cause.  The  appearance  seen  in  the  posterior  fossa  at  autopsy  was  a  plum- 
coloured  cushion  of  raised  and  thickened  dura  mater  with  disintegration  of  the 
underlying  bone.  In  every  case  the  causative  organism  was  a  streptococcus. 
The  long  dviration  and  the  absence  of  pyrexia  were  remarkable.  In  one  case 
there  was  no  clinical  evidence  of  otitis  media,  although  the  autopsy  proved 
that  this  had  existed.  He  placed  no  reliance  on  X-ray  evidence  in  this  con- 
dition, as  it  was  very  difficult  to  get  satisfactory  radiograms  of  the  posterior 
cranial  fossa.  The  cause  of  death  in  his  cases  had  been  lepto-meningitis  in 
every  case  except  the  tubercular  one,  in  which  the  carotid  artery  was  eroded, 
and  burst  into  the  pharynx.  One  case  had  developed  a  hemiplegia,  which  was 
found  to  be  due  to  thrombosis  of  the  superficial  veins  of  the  brain.  Replying 
to  a  question  by  Dr.  Symonds  whether  the  operative  findings  in  Case  16  were 
not  against  his  conception  of  the  disease,  Dr.  Collier  replied  that  in  two 
cases  following  ear  disease  autopsy  showed  that  the  mastoid  region  was 
healthy,  but  that  the  infection  had  spread  through  the  apex  of  the  petrous 
bone. 


Notices   of   Recent   Publications. 

Nerve   Exhaustion.      By    Maurice    Craig,    C.B.E.,    M.D.,    F.R.C.P. 
Pp.  148.     London  :  Churchill.     1922. 

This  small  volume  is  intended  as  a  guide  to  the  treatment  of  nervous 
exhaustion,  under  which  term  the  author  includes  a  large  number  of  morbid 
conditions,  arising  from  many  different  causes  ;  these  are  considered  in  detail. 
He  treats  very  shortly  of  emotional  shock,  over-work,  worry,  and  touches  on 
physical  states,  such  as  puerperium  and  lactation,  which  lead  to  eixhaustion. 
These  various  symptoms  are  attributed  for  the  most  part  to  "  hypersensi- 
tivity," congenital  or  acquired,  on  which  the  author  lays  great  stress.  A 
chapter  is  devoted  to  sleeplessness,  and  the  final  section  to  treatment  in 
general.  The  book  is  intended  for  the  general  practitioner,  who  is  anxious  to 
learn  in  simple  language  the  means  at  his  disposal  for  dealing  with  this  aspect 
of  the  functional  psychoneuroses. 

Etudes   Neurologiques.      By    Georges  Guillain.     Pp.    469.      Paris : 
Masson  et  Cie.     1922.     Price  25  francs. 

The  author  has  reprinted  in  this  volume  all  those  earlier  papers  in  which 
he  has  brought  forward  any  new  facts  related  to  the  symptomatology  and 
pathogenesis  of  nervous  disorders.  He  has  arranged  them,  not  in  chronolo- 
gical order,  but  in  separate  chapters  according  to  the  main  subject  with  which 
they  are  concerned.  The  titles  of  these  chapters  reveal  his  wide  interest  and 
the  valuable  work  he  has  done ;  the  most  important  are :  The  fixation  of 
poisons  in  the  nervous  system,  pathology  of  the  brain,  pathology  of  the  spinal 
cord,  syphilis  of  the  nervous  system  and  tabes,  muscular  atrophies,  changes  in 
the  cerebrospinal  fluid,  lethargic  encephalitis  and  intoxications. 

Many  of  the  papers  included  are,  it  is  true,  only  short  communications 
originally  published  in  various  medical  journals,  and  some  perhaps  are  no 
longer  of  great  interest  or  importance.  But  several  of  them  at  least  have  a  real 
value,  and  the  majority  are  certainly  worth  collecting  together  in  a  more  per- 
manent and  easily  accessible  form.  This  is  largely  due  to  the  fact  that 
Guillain's  interests  have  been  mainly  in  the  pathological  and  anatomical 
aspects  of  disease,  and  that  his  conclusions,  as  well  as  his  hypotheses  when  he 
ventures  on  such,  are  solidly  based  on  direct  evidence  of  structural  change.  In 
fact  in  his  introduction  to  this  volume  he  insists  that  the  anatomy  and  physio- 
logy of  the  nervous  system  must  be  the  basis  of  any  advance  in  knowledge 
which  we  can  hope  to  attain,  and  that  in  the  study  of  neuropathology  all  the 
modern  methods  of  biology,  bacteriology,  chemistry  and  physics  must  be 
applied.  A  worker  who  has  been  guided  by  these  principles  must  almost 
necessarily  have  valuable  results  to  offer  his  readers. 
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Multiple  Sclerosis  {Disseminated  Sclerosis)  :  An  Investigation  by  the 
Association  for  Besearch  ini  Nervous  and  Mental  Diseases. 
Pp.  241.     New  York  :  Hoeber,  1922. 

The  Second  Annual  Meeting  of  the  American  Association  for  Research  in 
Nervous  and  Mental  Diseases,  which  was  held  in  New  York  in  December, 
1921,  was  devoted  to  a  discussion  on  the  etiology,  pathology,  symptomatology, 
differential  diagnosis  and  treatment  of  disseminated  sclerosis.  The  proceedings 
and  conclusions  of  the  commission  are  recorded  in  this  volume,  which  consti- 
tutes a  valuahle  contribution  to  our  knowledge  of  this  disease. 

All  the  possible  factors  in  the  pathogenesis  of  the  disease  are  discussed ; 
several  pages  are  even  devoted  to  the  hypothesis  put  forward  by  Jelliffe  that 
as  unconscious  emotional  factors  are  known  to  be  under  greater  tension  and 
more  constantly  operative  than  conscious  ones  which  can  produce  somatic  altera- 
tions, they  may  excite  exudate  phenomena  in  the  blood-vessels  of  the  nervous 
pathways  intimately  related  to  the  function  under  repression,  and  therefore 
produce  the  characteristic  lesions  of  disseminated  sclerosis.  But  most  of  the 
papers  and  discussions  are  distinguished  by  a  practical  common  sense.  The 
sections  on  the  vestil)ular  and  ocular  manifestations  of  the  disease  are 
particularly  interesting,  and  the  negative  results  of  Teague's  prolonged  research 
on  its  possible  bacterial  or  protozoal  origin  are  important  in  view  of  the  recent 
repeated  discoveries  of  causal  micro-organisms.  The  chapters  on  the 
pathology  of  multiple  sclerosis  and  on  the  changes  that  occur  in  the 
axis-cylinders  are  particularly  complete. 

The  volume  ends  with  a  very  comprehensive  bibliography  which,  together 
with  the  statistical  information  collected  in  it,  will  prove  extremely  useful  to 
all  who  wish  to  study  the  disease. 


Der  extrapijramidale  Symptomenhomplex  {das  dystonische  Syndrom) 
und  seine  Bedeutung  in  der  Neurologic.  By  Professor  G.  Stertz. 
S.  96.     Berlin:   S.  Karger,  1921.     Price  18  Marks. 

This  small  monograph  is  devoted  to  those  affections  of  the  nervous  system 
the  most  pronounced  characteristics  of  which  are  disturbances  in  the 
functions  of  the  motor  system,  and  especially  abnormalities  of  tone, 
unassociated  witli  symptoms  of  affection  of  the  cortico-spinal  system.  The 
clinical  conditions  included  are  progressive  lenticular  degeneration,  pseudo- 
sclerosis, paralysis  agitans,  double  athetosis,  torsion  spasm,  spastic  athetosis, 
choreic  movements  and  myoclonia.  In  the  second  section  the  relations  of  the 
functional  disturbances  pi'oduced  by  non-systemic  diseases  of  the  basal 
ganglia,  as  arterio-sclerosis,  disseminated  sclerosis,  tumour,  encephalitis  and 
poisons  are  considered ;  and  the  final  chapter  is  devoted  to  a  careful  analysis 
of  the  pathology  and  physiology  of  the  so-called  extra-pyramidal  systems. 
This  is  probably  the   section    wliich    will   excite  most    interest,  as    subjects 
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claiming  more  and  more  importance  in  neurology  are  clearly  and  systematically 
dealt  with  in  it.  Unfortunately  the  author's  style  makes  the  reading  of  it 
difficult. 

Beitriige  znr  Entu-icklung^geschichte  des  menschlichen  Gehirns.  Teil  2, 
Leiferung  1.  Die  EnticicMung  der  ZirheJdrihe.  von  Professor 
F.  HocHSTETTER.  S.  45.  Mit  6  Abbildungen  im  Text  under  4 
Tafeln.     Wien  nnd  Leipzig  :  Deuticke,  1923.     Price  10  Marks. 

In  this  monograph,  which  is  devoted  to  tlie  development  of  the  pineal  gland 
in  man  and  other  mammals,  Hochstetter  has  recommenced  the  issue  of  his 
valuable  contributions  to  the  embryology  of  the  brain. 

Certain  features  of  disease  of  the  pineal  body  have  lately  attracted 
considerable  attention  and  consequently  even  to  clinicians  this  monograph,  in 
which  many  points  on  the  origin  and  development  of  the  gland  a^s  cleared  up, 
offers  some  interest.  It  is,  for  instance,  important  that  at  one  stage  of 
growth  the  cells  of  its  anterior  lobe  liave  an  acinous  or  gland-like  arrangement, 
suggesting  a  potential  secretory  function,  which  though  not  visible  in  the  later 
stages  of  development  may  be  reproduced  in  growths  originating  from  these 
cells. 

The  plates  by  which  the  work  is  illustrated  are  extremely  well  reproduced, 
and  make  it  possible  to  follow  the  descriptions  of  the  text  with  ease. 
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2  ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

Chapter  I. — Introduction. 

In  earlier  papers  the  writer  has  endeavoured  It  to  analyse  in 
physiological  terms  the  spasticity  resulting  fromjpyramidal  system  lesions 
and  also  the  reflex  movements  in  the  lower  limbs  in  the  two  clinical 
forms  of  paraplegia,  the  extended  and  the  flexed  [15]  [16].  These 
phenomena  were  identified  with  certain  tonic  and  phasic  reflex 
reactions  described  by  Sherrington.  A  similar  detailed  analysis  of  the 
familiar  associated  movements  of  the  paralysed  limbs  in  hemiplegia 
remains  to  be  undertaken  on  the  same  lines.  In  the  papers  referred  to 
above  some  preliminary  considerations  on  the  subject  were  stated. 
Thus,  these  movements  were  described  as  tonic  or  postural  reactions, 
that  is,  as  reflex  variations  in  muscle  tone,  rather  than  as  movements 
in  the  strict  physiological  sense.  This  conclusion  was  based  upon  the 
following  considerations. 

Neurologists  are  learning  from  Sherrington  to  regard  muscle  tone  as 
the  basis  of  posture,  and  decerebrate  rigidity  as  a  form  of  reflex  standing. 
In  the  earlier  analysis  of  spasticity,  as  it  occurs  in  hemiplegia  and  in  the 
extended  form  of  spastic  paraplegia,  reasons  were  given  for  regarding  it 
as  physiologically  identical  with  experimentally  produced  decerebrate 
rigidity.  It  was  pointed  out  that  all  voluntary  purposive  movements 
are  accompanied  by  an  appropriate  postural  adjustment  of  the  rest  of 
the  skeletal  musculature,  and  that  in  forceful  movements  this  adjust- 
ment or  adaptation  is  necessarily  bilateral  and  widespread.  Although 
carried  out  under  voluntary  control,  postural  adaptation  is  a  function  of 
reflex  mechanisms  situated  in  the  brain-stem,  which  are  not  put  out  of 
action  by  the  lesion  which  produces  hemiplegia  and  abolishes  voluntary 
control  of  the  musculature  on  the  affected  side  of  the  body.  In  these 
circumstances,  we  should  still  expect  postural  reactions  to  occur  when 
forceful  voluntary  motor  activities  are  carried  out  by  the  musculature  of 
the  sound  half  of  the  body.  Now,  however,  deprived  of  cortical  control, 
they  would  occur  in  exaggerated  intensity  and  deprived  of  that  fineness 
of  adaptation  which  that  control  ensures.  It  was  concluded  that  the 
"  associated  movements  "  of  hemiplegia  are  phenomena  of  this  order, 
appearing  in  the  muscles  of  the  affected  side  on  certain  voluntary  move- 
ments of  the  normal  limbs,  or  on  such  semi-voluntary  movements  as 
yawning.  In  other  words,  associated  movements,  or,  as  we  shall  call 
them,  "  associated  reactions,"  are  released  postural  reactions  in  muscles 
deprived  of  voluntary  control. 

With  certain  modifications  in  detail,  this  view  as  to  the  nature  of 
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associated  movements  was  reached  by  Kiddoch  and  Buzzard  [8] .     The 
recent  work  of  Magnus  and  his  collaborators  on  the  nervous  regulation 
of   posture  in    animals  has    indicated     lines    along    which    a    further 
investigation   may    be  carried    out,  and  it  is  now  proposed  "to    record 
observations  on  such  of  the  tonic  reflexes  described  by  Magnus  as  are 
to  be  found   m  man  in  cases  of  hemiplegia,  and  also  to  establish  what 
relation,  if  any,  there  may  be  between  these  reflexes  and  the  familiar 
associated  reactions.     Elsewhere   [17]   the  present  writer  has  given  a 
resume  of  the  researches  of  Magnus  and  de  Kleijn,  to  which  the  reader 
may  be  referred  for  more  complete  details  than  it  is  here  possible  to 
give.     A  short  summary  of  the  general  nature  and  bearing  of  part  of 
this  work  is,  however,  necessary  at  this  point,  so  that  the  nomenclature 
adopted  from  time  to  time  and  the  conclusions  ultimately  reached  may 
be  clear.     In  his   experimental   analysis   of  muscle   tone,   Sherrington 
showed  that  the  tone  of  a  given  muscle  is  dependent  upon  the  integrity 
of  its    afferent    nerve  supply.     In  addition,  he   observed  that  afferent 
impulses    arising    in    the    labyrinths    and    in    the  muscles    and    joints 
of  the  neck   and   limbs   are  capable    of    modifying,    or    of    regulating, 
muscle   tone.     The   researches  of    Magnus    and    his  school  have  been 
devoted  to  the  study  of  these  regulating  mechanisms  and  may  now  be 
said  to  have  solved  the  main  problems  in  the  co-ordination  of  posture. 
Beginning  with   the  decerebrate  animal  it  was  found  that  the  otolith 
organs  of  the   labyrinths  (and    not    the    semicircular  canals)    and  the 
proprioceptors  of  the  neck  are  the  sources  of  impulses  which  by  their 
influence  on  muscle  tone  produce  reflexly  a  whole  variety  of  attitudes  of 
the  limbs  and  trunk.     Thus,  changes  in  the  position  of  the  head  (otoliths) 
in  relation  to  the  horizontal  plane  of  space  cause  an  identical  variation 
in  the  extensor   tonus    of    all    four    limbs.     The  maximal  influence  is 
exerted    when   the    animal    is    inverted,    and  the    minimal    when    the 
animal  stands  on  its  feet  in  a  natural  posture.     Alterations  in  posture 
of  the  head  in  relation  to  the  trunk   also  produce  variations  in  limb 
tonus     and     therefore    in    attitude,    quite     apart     from    labyrinthine 
influences.     Thus,  rotation. of  the   head    to    one    side  causes    increase 
of    extensor    tonus    in    the  limbs  on  the  side   to    which   the    snout   is 
directed,  and   diminution  of  extensor  tone  in  the  crossed  limbs.     Ee- 
traction  of  the  head  produces  extensor  spasm  in  the  fore  limbs  and  loss 
of  extensor  tone    in   the  hind  limbs,  and  ventral  flexion   of    the  head 
has  the  opposite  result.     In  these  circumstances  the  decerebrate  animal 
can  maintain  a  standing  posture  if  it  be  carefully  placed  therein,  and 
the  variations  in  attitude  described  are  not  actively  produced  by  reflex 
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movements  of  the  head,  but  by  the  observer  who  uses  the  head  as  a 
species  of  handle  and  thus  sets  up  the  postural  reactions  described. 
Apart  from  this  the  head  of  the  decerebrate  animal  is  unalterably 
retracted,  and  does  not  possess  the  capacity  of  righting  itself  in  space. 
Clearly,  therefore,  some  of  the  postural  mechanisms  present  in  the 
nervous  system  of  the  intact  animal  have  been  removed  in  the  process 
of  decerebration,  in  which  the  brain-stem  has  been  transected  between 
pons  and  mid-brain.  The  study  of  the  "  mid-brain  "  preparation,  an 
animal  in  which  transection  has  been  performed  immediately  cephalad 
to  the  mid-brain,  reveals  the  localization  of  the  remainder  of  the 
posture-regulating  mechanism,  for  this  preparation  can  not  only  stand, 
but  can  walk,  run  and  jump,  and  can  right  itself  no  matter  in  what 
abnormal  attitude  the  observer  may  place  it.  The  sum  total  of  the 
postural  reflexes  active  in  the  decerebrate  animal  Magnus  [5]  speaks  of 
as  "  standing  reflexes,"  while  the  additional  reflex  reactions  present  in 
the  "mid-brain'"  preparation,  which  enable  the  animal  to  maintain 
full  reflex  control  of  posture,  he  speaks  of  as  ''  position  "or  "  righting  " 
reflexes  ("  Stellreflexe ").  He  has  analysed  these  into  five  groups, 
according  to  their  source  and  the  muscles  upon  which  they  act.  In 
apes,  these  five  groups  are  :  (1)  optic  (probably  retinal)  righting  re- 
flexes ;  (2)  labyrinthine  righting  reflexes  acting  upon  the  head ; 
(3)  righting  reflexes  arising  in  the  deep  tissues  of  the  body  wall 
and  regulating  the  position  of  the  head  ;  (4)  righting  reflexes  arising 
in  the  deep  structure  of  the  neck  and  acting  upon  the  trunk  and 
limb  muscles  ;  and  (5)  righting  reflexes  arising  in  the  deep  tissues  of 
the  body  wall  and  acting  upon  limb  and  trunk  muscles. 

It  will  be  noted  that  Magnus  does  not  record  the  existence  of  tonic 
reflexes  (either  "righting"  reflexes,  or  "  standing  "  reflexes)  arising  in 
the  limb  muscles  and  joints  and  acting  on  the  limb  muscles,  though,  as 
we  have  mentioned,  Sherrington  has  found  evidence  of  such  reactions. 
[9] .  As  will  appear  later,  it  is  to  such  a  group  that  the  associated 
reactions  belong.  In  speaking  of  tonic  reflexes  arising  in  the  labyrinths, 
we  refer  particularly  to  the  otolith  organs  io  the  utricle  and  saccule,  and 
not  to  the  semicircular  canals  which  play  no  part  in  the  production  of 
the  tonic  reflexes  now  under  consideration.  Further,  it  will  be  seen 
that  the  term  "  Stellreflexe  "  is  here  translated  as  "  righting  reflexes." 
This  is  clearly  not  a  literal  translation,  which  has  been  avoided  as  not 
conveying  the  full  significance  of  this  variety  of  tonic  reaction.  In  a 
communication  received  by  the  present  writer,  Magnus  has  expressed 
the  opinion  that  the  translation  adopted  most  adequately  conveys  his 
interpretation  of  the  reflexes  in  question. 
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Chapter  II. — Associated  Reactions. 

The  so-called  "  associated  movements  "  of  hemiplegia  which  appear 
most  characteristically  in  the  limbs  of  the  affected  side  are  so  familiar 
to  neurologists  that  a  detailed  description  of  them  is  scarcely  necessary. 
An  admirable  account  of  them  has  recently  been  given  by  Riddoch  and 
Buzzard  in  a  paper  already  referred  to,  in  which  these  observers 
indicate  how  widespread  these  reactions  may  be,  involving  head,  trunk 
and  limb  musculature.  Such  description  of  them  as  we  shall  give  will 
be  directed  primarily  to  the  elucidation  of  their  nature  and  physiological 
significance,  rather  than  to  providing  a  general  account. 

The  clinical  material  on  which  the  present  paper  is  based  consists 
in  the  first  place  of  a  series  of  eighteen  cases  of  hemiplegia  studied 
during  the  years  191 '2-1914,  when  the  reflex  movements  of  the  lower 
limbs  were  more  particularly  the  object  of  study.  The  conclusions 
then  reached  have  been  briefly  summarized  in  the  introductory  chapter, 
and  have  also  been  expressed  in  an  earlier  paper  [16] .  At  that  time 
the  early  papers  of  Magnus  and  de  Kleijn  were  not  accessible,  and 
therefore  no  final  analysis  of  associated  reactions  could  well  be  carried 
out.  Recently,  however,  a  fresh  series  of  twenty  cases  have  been 
investigated  and  the  whole  subject  re-surveyed  in  the  light  of  our 
present  knowledge  of  the  nervous  regulation  of  posture.  Of  the 
original  series,  five  were  cases  of  flaccid  hemiplegia  of  recent  origin, 
three  due  to  vascular  lesions  in  the  region  of  the  internal  capsule,  and 
two  to  cerebral  compression  by  tumour.  The  present  series  consists  of 
spastic  hemiplegias  with  the  usual  signs  of  pyramidal  tract  involvement. 
This  spasticity  was  of  the  familiar  type,  the  arm  being  spastic  in  flexion 
and  the  leg  in  extension.  In  all  but  one  the  lesion  was  vascular  in  origin 
and  presumably  in  the  region  of  the  internal  capsule.  The  exception 
was  a  case  of  left-sided  cerebral  tumour,  the  exact  localization  of  which 
yet  awaits  verification. 

It  may  be  o1)served  that  while  we  have  compared  the  spasticity  of 
hemiplegia  with  experimentally  produced  decerebrate  rigidity,  the 
localization  of  the  lesion  in  the  former  case  is  not  strictly  comparable 
with  that  obtaining  in  the  latter.  It  is  not  possible  to  enter  into  this 
question  here,  further  than  to  refer  the  reader  to  a  paper  in  which  the 
present  writer  has  reviewed  the  evidence  in  favour  of  the  analogy 
between  clinical  and  experimental  states  [18] . 

(1)  Conditions  governing  the  occurrence  of  associated  reactions. — 
(a)  In  the  reacting  muscles  of  the  hemiplegic   side.     In   none  of  the 
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Haccid  cases  examined  was  any  sign  of  an  associated  reaction  in  arm 
or  leg  detected.  In  the  spastic  cases,  on  the  other  hand,  a  more  or  less 
well-developed  reaction  on  forceful  voluntary  activity  of  the  normal 
limbs  was  constant.  In  two  cases,  indeed,  no  excursion  of  the  paralysed 
arm  occurred,  but  palpation  revealed  a  distinct  access  of  spasticity  during 
the  performance  of  the  voluntary  movement.  We  may  say,  therefore, 
that  some  degree  of  hypertonus  in  a  case  of  hemiplegia  is  an  essential 
preliminary  to  the  development  of  an  associated  reaction.  To  this  we 
may  add  that,  in  general,  the  higher  the  degree  of  spasticity  present, 
the  more  forceful  and  the  longer  lasting  will  the  associated  reaction 
be.  The  force  of  the  reaction  cannot  always  be  measured  by  the  actual 
excursion  of  the  limb.  The  most  ample  reactions  of  the  kind  were 
observed  in  a  patient  in  whom  spasticity  was  not  very  pronounced,  but 
although  of  considerable  amplitude  they  were  not  very  forceful.  The 
force  of  the  reaction  bears  no  relation  to  the  degree  of  voluntary  power 
retained  by  the  affected  limb,  and  in  many  instances  far  exceeds  this 
and  involves  segments  of  the  limb  in  which  no  voluntary  activity 
remains — notably  the  forearm  and  hand. 

{b)  The  nature  of  the  voluntary  activity  necessary  to  invoke  them. 
The  form  of  voluntary  muscular  effort  most  effective  in  the  production 
of  associated  reactions  is  forceful  tonic  contraction  of  muscles.  No 
actual  excursion  of  the  parts  acted  upon  by  these  muscles  is  essential. 
Thus  a  strong  and  maintained  grasp  of  the  normal  hand  is  one  of  the 
most  powerful  .stimuli  for  the  reaction  in  the  paralysed  arm.  Further, 
alternating  movements,  e.g.,  of  the  normal  arm,  when  carried  out 
rapidly  and  with  a  minimum  of  force  do  not  commonly  produce  any 
associated  reaction  in  the  affected  arm.  However,  a  series  of  forceful 
punching  movements  of  the  normal  arm  does  produce  an  associated 
response.  Cutaneous  stimuli,  tactile  or  painful,  have  no  effect,  and  the 
reflex  movement  that  may  result  from  such  stimulation  (Riddoch  and 
Buzzard)  bears  no  resemblance  to  the  ordinary  associated  reaction  now 
under  discussion.  In  short,  the  adequate  stimulus  for  an  associated 
reaction  in  the  muscles  of  the  hemiplegic  half  of  the  body  is  strong 
tonic  voluntary  muscular  contraction.  Alternating  movements  are 
effective  only  when  they  are  forceful  and  of  a  kind  demanding  wide- 
spread synergic  fixation  of  the  musculature.  Even  in  these  circum- 
stances, the  associated  reaction  is  tonic  and  has  no  alternating  character. 
Passive  movements  of  the  limbs  have  not  been  found  effective  in 
producing  associated  reactions. 

We  have  chosen  tonic  voluntary  activity  of  the  normal  limbs  as  the 
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type  of  stimulus  most  effective  in  eliciting  an  associated  reaction,  but  it 
is  not  suggested  that  voluntary  contraction  of  other  muscles  may  not 
have  a  similar,  if  less  pronounced,  effect.  Firm  clenching  of  the  jaws, 
stiffening  of  the  neck  muscles,  and  such  quasi-involuntary  activities  as 
yawning  and  stretching  and  coughing,  also  produce  associated  reactions. 
Further,  voluntary  contraction  of  one  of  the  limbs  on  the  hemiplegic 
side  may  be  productive  of  an  associated  reaction  in  the  other.  It  is 
possible  also  that  the  elevation  of  the  shoulder,  abduction  of  the  arm 
and  flexion  of  the  forearm,  which  may  accompany  the  attempt  of  the 
patient  voluntarily  to  extend  his  clenched  fingers  in  the  affected  hand, 
may  be  of  the  nature  of  an  associated  reaction.  In  this  case,  however, 
as  we  shall  see  when  discussing  Marie  and  Foix's  classification  of 
"  syncinesies,"  another  type  of  movement  may  be  in  question.  In 
every  instance  the  voluntary  contraction  which  constitutes  the  stimulus 
for  an  associated  reaction,  whether  it  be  in  the  limb  or  trunk  muscles, 
must  be  forceful  and  maintained. 

(2)  The  form  of  the  associated  reaction. — As  Piiddoch  and  Buzzard 
have  pointed  out,  the  associated  reaction  may  be  very  widespread,  but 
it  is  with  the  limb  reaction  that  we  shall  mainly  deal,  because  this  is 
more  readily  capable  of  accurate  observation  and  recording  than  a  tonic 
contraction  in  trunk  muscles,  and  is  therefore  better  adapted  for  the 
determination  of  the  nature  of  associated  reactions  as  a  whole.  As  we 
shall  see  later,  it  is  essential  in  studying"  associated  reactions  that  the 
conditions  of  examination  shall  be  constant.  The  following  brief 
description  applies  to  the  reactions  obtained  from  a  patient  lying  on 
his  back  with  the  head  in  the  median  position.  The  normal  arm  lies 
extended  and  supported  on  the  bed  at  the  patient's  side.  The  hand  is 
then  held  by  the  observer  and  the  patient  commanded  to  give  a  strong, 
steady,  and  maintained  grasp.  No  excursion  of  the  arm  occurs.  In 
these  circumstances  the  paralysed  arm  as  it  lies  resting,  semiflexed, 
across  the  patient's  body,  is  seen  to  go  into  strong  tonic  contraction 
after  a  short  interval.  In  this  contraction  every  muscle  of  the  limb 
and  limb  girdle  may  be  both  felt  and  seen  to  contract.  In  the  majority 
of  instances  the  flexors  of  the  forearm  are  most  affected,  a  slow  move- 
ment of  flexion  at  the  elbow  results,  and  the  new  posture  taken  up  is 
maintained  more  or  less  steadily  until  the  patient  is  told  to  relax  the 
voluntary  grasp.  In  addition  to  flexion  of  the  elbow  there  is  frequently 
some  elevation  of  the  shoulder  and  either  adduction  or  abduction  of  the 
upper  arm.  In  the  former  case  the  forearm  and  hand  pass  across  the 
bodv  towards  the  sound   side,  in  the  latter  the  forearm  is  lifted  from 
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the  body  and  moved  away  from  the  normal  side.  Practically  always 
the  fingers  and  wrist  go  into  more  pronounced  flexion  than  was  initially 
present,  and  the  forearm  rotates  slightly  towards  the  supinated  position. 
The  reaction  in  the  paralysed  leg  is  one  of  tonic  extension  with 
inversion  and  dorsiilexion  of  the  foot  and  dorsiflexion  of  the  hallux. 
Less  frequently  seen  is  extension  at  the  elbow  with  full  pronation  of 
the  forearm  and  some  flexion  of  the  hip,  less  of  the  knee  and  the  dorsi- 
flexor  response  of  the  foot  and  hallux  already  mentioned.  Again,  in 
some  cases,  the  upper  limb  reaction  may  consist  in  general  tonic 
rigidity  with  a  movement  entirely  of  adduction  or  of  abduction  of  the 
upper  arm.  It  has  been  said  by  earlier  workers  that  for  a  given  patient 
the  reaction  is  invariable,  but  my  observations  do  not  altogether  confirm 
this,  for  from  time  to  time,  the  conditions  remaining  constant,  flexion 
may  be  replaced  by  extension  in  the  upper  limb.  If,  however,  the 
conditions  are  changed,  then  the  associated  reaction  may  undergo  even 
more  striking  variations,  which  we  shall  discuss  in  a  subsequent  chapter. 

(3)  Effect  of  form  of  voJuntarij  movement  on  associated  reaction. — 
In  many  patients  the  form  of  the  associated  reaction  does  not  vary 
according  to  that  of  the  voluntary  movement  or  posture  eliciting  it,  and 
a  stereotyped  reaction  is  obtained,  whether  the  voluntary  activity  be  a 
powerful  grasp  with  the  arm  extended,  or  tonic  contraction  of  the  limb 
flexors  or  extensors  against  the  resistance  exerted  by  the  observer 
However,  this  is  not  always  nor  even  generally  the  case,  and  the 
subjects  examined  differed  widely  in  this  respect.  In  one  case  tonic 
flexion  and  extension  of  the  whole  normal  arm  against  resistance,  and 
tonic  activity  of  each  segment  of  the  limb  separately  and  in  both 
directions  was  tried,  but  in  every  test,  whether  the  normal  fingers  were 
being  extended  against  resistance  or  the  elbow  flexed,  the  same  response 
was  seen  in  the  paralysed  arm,  namely,  increased  flexion  at  the  elbow, 
abduction  and  elevation  of  the  upper  arm,  slight  supination  of  the 
forearm  and  increased  flexion  of  wrist  and  digits.  In  other  subjects, 
however,  the  form  of  the  associated  reaction  could  be  completely 
modified  according  to  the  form  of  the  voluntary  movement  of  the 
sound  arm.  Thus  voluntary  flexion  of  the  elbow  against  resistance 
evoked  associated  crossed  flexion,  while  voluntary  extension  evoked 
ample  associated  extension  (fig.  1). 

Karely,  a  given  case  may  show  a  crossed  associated  reaction  of 
opposite  direction  to  the  voluntary  movement  evoking  it.  Thus 
voluntary  flexion  is  followed  by  associated  extension  and  voluntary 
extension   by  flexion.     This  is  true  also  of   voluntary  adduction  and 
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abduction    of   the    upper    arm,    although    in    this    case    a    symmetrical 
response  is  no  more  commonly  seen  than  one  of  opposite  sense. 

In  one  patient,  the  influence  of  reversing  the  form  of  the  voluntary 
movement  vs^as  less  potent  in  modifying  the  associated  reaction.  Thus, 
voluntary  flexion  of  the  normal  arm  produced  associated  flexion,  while 


Fig,  2. 


Fig.  1. 


Fig.  1. — Inversion  of  form  of  associated  reaction  in  hemiplegic  arm  on  reversing  form 
of  voluntary  movement.  Th°  voluntarj'  activities  were  flexion  of  the  normal  against  strong 
resistance  followed  by  extension  against  resistance.  Voluntary  flexion  (V.P.  on  signal  record) 
is  followed  by  associated  flexion,  and  voluntary  extension  (V.E.)  by  associated  extension.  In 
the  particular  subject  from  whom  this  record  was  taken,  the  associated  extension  was  com- 
monly preceded  by  a  transient  flexion.  All  the  records  reproduced  here  were  made  with  a 
vertically  moving  lever,  the  writing  point  of  which  was  arranged  vertically  above  that  of  the 
signal  lever,  and  with  the  exception  of  fig.  4  they  are  one-third  the  amplitude  of  the 
actual  excursion  of  the  limb.  Upward  movement  indicates  extension  and  downward  move- 
ment flexion  (cf.,  Appendix).     All  the  records  are  reduced  to  two-thirds  their  oiiginal  size. 

Fig.  2. — Modification  in  form  of  associated  reaction  on  reversal  of  form  of  voluntary 
movement.  The  voluntary  activities  are  as  in  the  case  of  fig.  1,  but  extension  precedes 
flexion.  Voluntary  extension  (V.E.)  produced  a  clonus-like  oscillation  and  increased  spas- 
ticity of  tne  arm  without  any  excursion  of  the  forearm,  while  voluntary  flexion  (V.P.) 
evoked  associated  flexion. 


voluntary  extension  produced  a  rapid  oscillation  of  the  flexed  forearm  in 
the  initial  posture  (fig.  2). 

In  the  case  of  the  lower  limb,  the  tendency  to  a  stereotyped  reaction 
was  found  to  be  more  marked  than  in  that  of  the  upper  limb.  In  the 
majority  of  cases  the  associated  reaction  was  that  already  described, 
namely,  limb  extension,  but  in  several  patients  flexion  at  hip,  knee  and 
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ankle  (dorsiflexion)  was  constant  irrespective  of  the  form  of  the  voluntary 
movement.  Even  here,  however,  a  reversal  of  form  of  the  associated 
reaction  was  occasionally  observed  in  response  to  reversal  in  the 
voluntary  muscular  effort  eliciting  it.  When  voluntary  flexion  or  ex- 
tension was  in  question,  the  associated  reaction  was  in  some  cases 
symmetrical,  and  in  others  opposite  in  form.  In  the  case  of  abduction 
and  adduction,  however,  as  Raimiste  [7]  long  since  pointed  out,  the 
associated  reaction  is  generally  symmetrical,  voluntary  adduction  being 
accompanied  by  associated  adduction  and  conversely.  Even  this  reaction 
was  poorly  developed  at  times,  and  it  has  to  be  remembered  that  in 
most  cases  of  residual  hemiplegia  there  is  considerable  voluntary  power 
in  the  afifected  leg,  and  that  it  is  impossible  in  these  circumstances,  and 
even  in  the  normal  subject,  to  adduct  or  abduct  the  extended  limb  with- 
out also  bringing  into  action  with  equal  force  the  corresponding  muscles 
of  the  crossed  leg. 

The  lower  limb  when  under  observation  for  associated  reactions  has 
to  be  supported  by  the  observer  in  such  a  manner  as  neither  to  impede 
nor  to  facilitate  unduly  any  reaction  which  may  develop.  When 
graphic  recording  is  in  question  the  limb  has  to  be  slung  from  the 
ceiling.  It  is  obvious  that  by  reason  of  its  mass  and  length  the  lower 
limb  is  not  well  adapted  to  careful  investigation,  and  possibly  a  more 
perfect  technique  might  reveal  that  the  tendency  to  constancy  of 
reaction  is  less  complete  than  at  present  seems  to  be  the  case. 

In  one  patient  reversal  in  the  form  of  a  tonic  voluntary  effort  in  the 
paralysed  leg  inverted  the  form  of  associated  reaction  in  the  paralysed 
arm,  voluntary  flexion  against  resistance  leading  to  associated  flexion 
and  vice  versa  (fig.  3). 

In  this  connection  it  is  interesting  to  note  the  form  of  associated 
reaction  in  the  paralysed  arm  which  accompanies  yawning  and  stretch- 
ing. It  is  exceptional  to  find  a  subject  with  residual  spastic  hemiplegia 
from  whom  a  history  of  spontaneous  movement  of  the  paralysed  arm 
or  hand  on  yawning  cannot  be  obtained.  In  many  cases,  coughing  is 
also  accompanied  by  such  a  reaction.  Every  patient  whom  the  writer 
has  questioned  on  this  point,  with  a  single  exception,  has  stated  that 
the  movement  of  the  hand  and  digits  in  these  circumstances  is  one  of 
extension.  This  is  often  complete  and  is  accompanied  by  fanning  of 
the  fingers.  The  forearm  may  be  extended,  but  more  commonly  flexes 
and  is  raised  up  in  front  of  the  patient.  Whenever  the  writer  has 
observed  this  reaction  to  yawning,  extension  and  separation  of  the 
digits  have  occurred.     Moreover,  two  patients  volunteered  the  state- 
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ment  that  when  the  fingers  are  extended  and  abducted  during  a  yawn, 
they  are  able  to  flex  and  extend  them  rapidly,  a  thing  they  were  unable 
to  do  at  any  other  time.  Indeed,  one  man  added  that  he  always  waited 
for  a  yawn  so  that  he  might  exercise  his  fingers  in  this  way.  In  an 
earlier  reference  to  this  detail  [17],  the  general  inference  was  suggested 
that  unilateral  muscular  contraction  evoked  an  associated  flexion,  while 
such  bilateral  muscular  acts  as  yawning  evoked  associated  extension. 
In  the  light  of  the  more  recent  observations  recorded  here,  this  general- 


FiG.  3. 


Fig.  4. 


Fig.  3. — Inversion  of  associated  reaction  in  bemiplegic  arm  on  reversal  of  form  of  volun- 
tary movement  of  homolateral  leg.  At  F,  voluntary  leg  flexion  evoked  associated  flexion  in 
the  arjn.  At  E,  the  leg  is  powerfully  extended  against  resistance  and  associated  extension 
in  the  arm  occurs. 

Fig.  4. — Graphic  record  of  supinator  jerk  from  bemiplegic  arm  of  patient  from  whom 
figs.  1,  3,  G  and  7  were  also  taken.  With  the  method  of  determining  latency  which  was 
adopted  (cf.  Appendix)  the  latent  period  is  seen  to  be  004  second  (40  tr).  With  the  same 
method,  the  latency  of  associated  reactions  and  other  tonic  reflexes  described  is  seen  to  be 
much  longer.  With  a  more  perfect  technique,  Jolly  found  the  average  latency  for  the  knee- 
jerk  in  man  to  be  002  second. 


ization  must  be  abandoned,  yet  it  remains  a  striking  fact  that  the  form 
of  muscular  activity  most  commonly  producing  associated  extension  of 
the  digits  is  bilateral.  In  this  case,  the  stimulus  may  be  tonic  contrac- 
tion of  the  diaphragm. 

(4)  The  latency  and  duration  of  the  associated  reaction. — When  we 
come  to  consider  the  latency  and  duration  of  associated  reactions  we 
gain  an  insight  into  their  probable  nature.     In  a  large  series  of  obser- 
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vations,  the  following  values  were  obtained  for  the  latencies  in  different 
cases:  0'25,  05,  0*75,  10,  1'5,  1"75,  20  seconds.  If  we  compare  this 
with  the  latency  of  such  a  phasic  reflex  as  a  tendon  jerk,  the  contrast 
is  striking.  Fig.  1  is  the  graphic  record  of  two  associated  reactions 
(flexion  and  extension  at  the  elbow)  in  the  hemiplegic  arm  of  a  patient 
whose  supinator  jerk  is  recorded  in  fig.  4.  The  method  of  obtaining 
the  latency  was  the  same  in  the  two  instances.  The  latent  period  of 
the  associated  movement  is  075  second,  while  that  of  the  supinator 
jerk  is  004  second.  It  will  be  noticed  that  both  records  show  the 
characteristic  "  shortening  reaction   '  of  tonic  muscle. 


Fig.  5. — Associated  reaction  in  hemiplegic  aim  from  a  patient  with  infantile  hemiplegia. 
The  tonic  after-contraction  persisted  for  over  40  seconds.  The  first  18  seconds  are  seen  in 
the  record.  The  stimulus— a  forceful  grasp  of  the  normal  hand — is  seen  to  have  lasted 
10  seconds  (A— B). 


The  duration  of  an  associated  reaction  is  roughly  that  of  the 
voluntary  movement  or  contraction  evoking  it,  but  there  is  in  some 
instances  a  prolonged  after-contraction  or  tonic  prolongation  of  the  spasm 
which  may  last  for  several  seconds.  In  one  case  this  was  still  of  un- 
diminished intensity  after  the  lapse  of  40  seconds  (fig.  5). 

While  the  reaction  persists,  the   limb   maintains  the  new  attitude 
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more  or  less  steadily,  but  occasionally  there  may  be  a  fine  tremulous 
oscillation  round  a  fixed  point.  In  one  instance  the  rate  of  this  oscilla- 
tion was  Glpeu  second,  and  the  tremor  resembled  the  ordinary  clonus  of 
a  spastic  limb. 

In  general,  it  may  be  stated  that  the  more  spastic  the  limb,  the 
longer  the  latency  and  after-contraction,  though  the  amplitude  of  the 
limb  excursion  may  be  small.  In  one  case  in  which  spasticity  was 
slight,  the  latency  was  always  less  than  a  second,  commonly  0'25  second, 
the  limb  excursion  was  ample  and  rapid  in  rise  and  there  was 
practically  no  after-contraction,  the  limb  having  returned  to  its  initial 
position  within  0"5  second  of  cessation  of  the  stimulus  (grasp  of  normal 
hand) . 

(5)  Inferences  as  to  the  nature  of  the  associated  reactions. —  We 
have  seen  that  associated  reactions  are  evoked  most  typically  by 
voluntary  tonic  contraction  of  muscles.  They  are  not  produced  by 
rapidly  alternating  voluntary  movements  unless  these  are  widespread 
or  forceful,  and  they  cannot  be  produced  by  cutaneous  stimuli  apart 
from  such  tonic  contraction.  In  short,  the  adequate  stimulus  is  pro- 
prioceptive and  of  some  duration.  The  response  has  a  comparatively 
long  latent  period,  is  commonly  slow  in  development  and  lasts,  and  may 
outlast,  the  duration  of  the  stimulus.  The  reacting  muscles  go  into 
strong  tonic  contraction,  which  produces,  with  rare  exceptions,  an 
excursion  of  the  limb  of  variable  amplitude.  The  limb  takes  up  a  new 
posture  which  persists  until  the  stimulus  producing  it  ceases.  There- 
fore, in  respect  of  stimulus,  latency,  form  and  duration  the  associated 
reaction  presents  all  the  characters  of  a  tonic  or  postural  reflex. 
Usually,  the  seat  of  the  stimulus  is  the  musculature  of  one  of  the 
normal  limbs,  but  strong  voluntary  contraction  of  a  partly  paralysed 
leg  may  give  rise  to  a  well-marked  associated  reaction  in  the  homony- 
mous arm. 

Chapter  III. — Other  Tonic  or  Postural  Reactions  in 

Hemiplegia. 

We  have  learned  from  the  researches  of  Sherrington  and  Magnus 
that  decerebrate  rigidity  and  normal  tone  may  be  influenced  by  afferent 
impulses  arising  in  the  labyrinths  and  in  proprioceptive  end-organs  in 
the  musculature  and  other  deep  structures  of  the  neck  and  body  wall. 
The  function  of  these  reflex  variations  in  muscle  tone  is  to  produce  the 
various  attitudes  of  the  animal.  If,  therefore,  the  spasticity  of  hemi- 
plegia is  physiologically  identical  with  decerebrate  rigidity,  we  should 
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expect  to  find  evidence  of  tliese  reactions  in  the  afifected  muscles  in  cases 
of  hemiplegia.  Indeed,  several  observers  have  recorded  such  reactions 
in  man  (Magnus  and  de  Kleijn  [H]  [4],  Brouwer,  Marie  and  Foix  [6]). 
While  we  may  safely  conclude  that  the  occurrence  of  tonic  neck  reflexes 
in  man  has  been  established  in  various  clinical  conditions,  labyrinthine 
reflexes  have  been  much  less  frequently  observed,  and  in  the  majority 
of  cases  in  which  neck  reflexes  have  been  recorded  there  have  been  no 
clear  indications  of  labyrinthine  influence  on  tone. 

(1)  Tonic  neck  reflexes. —  In  the  spastic  cases  examined  for  these 
reactions,  the  general  rule  was  that  at  the  beginning  of  the  investigation, 
and  with  the  patient  standing,  rotation  of  the  head  on  the  neck  produced 
no  excursion  of  the  hemiplegicarm,  and  it  was  not  until  the  examination 
of  the  associated  reactions  had  been  carried  out,  the  patient  placed  in  a 
supine  position,  or  vigorous  passive  movements  of  the  paralysed  arm 
performed,  that  active  neck  reflexes  developed.  Occasionally,  however, 
these  reactions  were  very  facile  and  active  from  the  outset.  As  the  patient 
stood  erect  with  the  affected  arm  semi-flexed  and  adducted,  voluntary 
rotation  of  the  head  to  the  paralysed  side,  especially  if  carried  out  with 
force,  evoked  a  slow  but  powerful  tonic  extension  of  the  arm,  which  was 
maintained  until  the  head  was  turned  back  again  to  the  median  position, 
or  across  to  the  normal  side.  Associated  with  the  extension,  the  arm 
was  generally  slightly  advanced  and  adducted,  and  the  forearm  went 
into  full  pronation.  The  wrist  extended  and  the  fingers  clenched 
tightly.  Kotation  of  the  head  from  the  paralysed  side,  or  from  the 
median  position,  so  that  the  patient  looked  over  the  normal  shoulder, 
was  followed  by  a  movement  of  flexion  of  the  forearm  and  slight  return 
to  supination.  The  upper  arm  was  commonly  adducted,  but  in  some 
patients  there  was  abduction  and  elevation.  The  form  of  this  tonic 
reaction,  both  to  direct  observation  and  in  a  graphic  record,  was  very 
characteristic.  The  latent  period  was  distinctly  long,  and  the  following 
values  were  obtained  in  difi"erent  patients  under  the  same  conditions  of 
recording  :  10,  1'25,  16,  20,  3'5,  50,  60  seconds.  From  the  moment 
of  onset  of  the  response  to  that  of  maximal  excursion  of  the  reacting 
limb,  a  period  of  from  05  to  2  seconds  elapsed,  but  in  this  respect 
there  was  considerable  individual  variation.  In  one  patient,  after  a 
latent  period  of  about  1  second  the  limb  shot  rapidly  into  its  new 
posture,  remained  there  for  from  5  to  6  seconds  and  then  returned 
to  its  initial  attitude.  In  general,  however,  the  new  posture  was 
maintained  until  the  patient  turned  the  head  back  to  the  original 
position  (fig.  6). 


ON    CERTAIN    TONIC    OR    POSTURAL    REFLEXES    IN    HEMIPLEGIA 


15 


Care  was  taken  to  ensure  that  in  rotating  the  head  the  subject  did 
SO  steadily  and  without  jerking,  and  the  average  period  daring  which 
the  movement  of  rotation  was  carried  out  was  from  six  to  ten  seconds. 
It  was  when  the  movement  was  well  under  way  that  the  slow  movement 
of  the  reacting  arm  to  its  new  posture  began. 

In  two  patients  passive  rotation  of  the  head  by  the  observer  evoked 
forceful  variations  in  the  attitude  of  the  paralysed  arm  and  leg,  but,  in 
general,  voluntary  movement  was  essential. 

At  some  period  of  a  systematic  examination  of  the  postural  reactions, 
or  in  some  at  least  of  a  series  of  such  examinations,  these  tonic  neck 


Fig.  6. — Tonic  neck  reflex  in  hemiplegic  arm.  At  A  on  signal  line,  the  head  was 
voluntarily  rotated  to  the  paralysed  side  through  an  angle  of  appro.\imately  180  degrees 
from  its  initial  position  with  the  face  looking  over  the  normal  shoulder.  After  a  latent 
period  of  about  two  seconds,  and  while  rotation  was  still  in  progress,  a  tonic  extension  deve- 
loped in  the  arm.  At  B,  the  head  is  rotated  back  to  its  initial  position,  and  again  after  a 
similar  latent  period  the  tonic  extension  gives  place  to  tonic  flexion,  the  arm  regaining  its 
original  posture  of  semi-flexion  at  the  elbow.  During  this  return  a  short  spasm  of  extension 
is  seen  to  occur  at  C.  The  head  rotation  occupied  six  seconds  and  was  carried  out  without 
undue  force. 


reflexes  were  present  in  greater  or  less  degree  in  every  patient 
examined.  When  they  were  not  evident  at  first,  the  practice  was  to 
make  ihe  patient  lie  on  his  back  on  a  couch  for  a  few  minutes,  after 
the  lapse  of  which  the  reactions  began  to  appear  on  appropriate  stimu- 
lation, that  is,  on  rotation  of  the  head.  There  could  be  no  doubt  that 
their  appearance  was  facilitated  by  a  preliminary  examination  of  the 
associated  movements,  and  it  was  found  that  after  half  an  hour's 
examination  and  mani  ation  of  the  paralysed  arm  the  reactions  were 
at  their  maximum  f      the  individual  patient.     When  fully  developed, 
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rotation  of  the  face  towards  the  paralysed  side  evoked  extension,  and 
rotation  to  the  sound  side  flexion.  This  result  is  in  strict  accord  with 
Magnus's  observations. 

IncHnation  of  the  head  to  one  side  ("  Wendung "  in  Magnus's 
nomenclature)  was  not  found  to  evoke  any  reaction  in  the  cases  so  far 
examined,  but  it  is  possible  that  further  investigation  may  reveal  a  neck 
reflex  evoked  in  this  way.  In  the  case  of  the  lower  limb,  the  influence 
of  variations  in  head  posture  in  relation  to  the  trunk  was  distinctly  less 
constant,  and  when  present  less  marked  than  was  the  case  with  the 
upper  limb.  The  commonest  finding  is  that  rotation  of  the  head 
produces  an  increase  in  extensor  rigidity  in  the  paralysed  leg,  whether 
rotation  be  towards  or  away  from  the  paralysed  side.  In  one  patient, 
however,  with  a  profound  degree  of  right  hemiplegia  from  cerebral 
tumour,  active  and  passive  rotation  of  the  head  towards  the  paralysed 
side  evoked  powerful  extensor  spasm  in  both  arm  and  leg,  and  rotation 
to  the  normal  side  evoked  active  flexion  spasm  in  the  arm,  and  a 
pronounced  diminution  of  extensor  spasm  in  the  leg. 

Finally,  when  head  rotation  seems  to  be  entirely  without  effect,  the 
presence  of  a  latent  influence  on  limb  tonus  can  be  demonstrated  for  the 
l)aralvsed  limbs  by  eliciting  associated  movements  with  the  head  in 
different  positions.  Observations  in  this  sense  have  been  reported  by 
Simons  [12]  [13],  and  the  writer's  own  results  are  in  strict  accord  with 
those  recorded  by  him.  This  effect  will  be  described  in  the  following 
chapter. 

(2)  Tonic  lahijrintliine  reflexes. — In  the  decerebrate  animal,  the 
reinforcing  influence  of  the  labyrinths  on  extensor  tonus  in  the  limbs 
was  found  by  Magnus  and  de  Kleijn  [3]  to  be  minimal  when  the  animal 
is  in  the  standing  position  and  the  head  so  held  that  the  line  of  the 
mouth  ("  Mundspalte ")  makes  an  angle  of  about  45  degrees  below 
the  horizontal,  and  maximal  with  the  animal  in  the  supine  position  and 
the  line  of  the  mouth  making  an  angle  of  about  45  degrees  above  the 
horizontal.  In  an  infant  with  amaurotic  family  idiocy  examined  by 
these  observers,  both  neck  and  labyrinthine  reflexes  were  found  to  be 
very  active,  and  they  were  able  to  determine  that  the  maximal  and 
minimal  positions  were  practically  identical  for  the  human  subject  with 
those  found  for  quadrupeds  (cat,  dog,  monkey) .  In  hemiplegia,  therefore, 
we  should  expect  to  find  labyrinthine  influence  maximal  with  the  patient 
in  the  supine  position  and  the  head  slightly  retracted,  and  minimal  with 
the  patient  standing,  sitting  or  prone,  when  the  face  points  downwards 
to  the  ground  and  a  perpendicular  drawn  out  from  the  face  making  an 
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angle  of  about  45  degrees  below  the  horizontal.  This,  in  fact,  is  what 
has  been  found  to  be  the  case,  as  observations  recorded  in  a  later  chapter 
indicate. 

In  the  cases  under  examination,  fully  developed  labyrinthine  reflexes 
were  not  observed.  The  clearest  indications  were  obtained  from  two 
patients  with  right  hemiplegia  (one  thrombotic  in  origin,  and  one  the 
result  of  compression  from  cerebral  tumour) .  In  the  former,  laying  the 
subject  on  to  his  back  from  a  sitting  position  evoked  no  active  extensor 
tonus  in  the  affected  arm,  but  when  he  lay  prone  and  the  arm  hung 
over  the  side  of  the  couch,  it  was  clear  that  it  had  taken  up  a  posture 
of  increased  flexion  at  the  elbow,  despite  the  action  of  gravity,  now  that 
labyrinthine  influence  on  extensor  tone  was  minimal.  In  the  latter, 
laying  her  back  into  the  supine  position  from  a  sitting  position  evoked  a 
marked  and  forceful  extension  spasm  in  the  previously  flexed  arm.  It 
was  not  possible  to  examine  her  in  the  prone  position,  as  the  ordinary 
hospital  bed  is  not  suitable  for  the  purpose  and  she  could  not  well  be 
moved  on  to  the  hard  narrow  couch  used  for  this  purpose. 

We  have  seen,  however,  that  even  in  those  patients  where  tonic  neck 
reflexes  cannot  be  demonstrated  directly  by  simple  head  rotation,  the 
existence  of  strong  tonic  influences  arising  in  the  neck  proprioceptors  can 
be  demonstrated  by  studying  the  profound  modifying  effect  on  associated 
reactions  of  head  rotation.  This  is  equally  true  of  labyrinthine  influence, 
and  the  investigation  of  associated  reactions  with  the  patient  in  the 
lateral,  prone  and  supine  positions  indicates  that  the  labyrinths  do 
influence  tone  in  the  hemiplegic  arm,  if  not  very  obviously  in  the  leg. 
The  results  of  these  tests  will  be  desc#ibed  when  we  are  considering  the 
interaction  of  the  various  tonic  reflexes. 

Chapter  IV. — Interaction  of  Tonic  Eeflexes. 

We  have  said  that  in  those  cases  where  rotation  of  the  head  on  the 
neck  and  variations  in  head  posture  in  relation  to  the  horizontal  plane 
do  not  evoke  tonic  reactions  in  the  hemiplegic  limbs,  that  nevertheless 
both  neck  and  labyrinthine  influences  are  at  work  and  can  be  demon- 
strated by  studying  the  effect  of  changes  in  head  posture  in  relation  to 
trunk  and  to  space  on  associated  reactions  obtained  in  the  manner 
described.  We  shall  now  proceed  to  study  some  examples  of  this 
interaction  of  tonic  reflexes. 

(1)  The  influence  of  neck  reflexes  on  associated  reactions. — When  the 
neck  reflexes  are  active,  the  familiar  associated  flexion  of  the  hemiplegic 
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Fig.  7,  a,  b,  c,  d. — Inversion  of  associated  reaction  in  hemiplegic  (right)  arm  by  neck 
reflexes:  a  =  resting  position  of  hemiplegic  right  arm;  b  =  flexion-adduction  reaction  to 
a  forceful  grasp  with  the  right  hand  with  the  head  in  the  median  position  ;  c  =  extension- 
adduction  reaction  with  full  pronation  of  the  forearm,  when  the  head  is  rotated  towards 
the  hemiplegic  side  ;   d  =  flexion  reaction  when  the  head  is  rotated  to  the  normal  side. 
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arm  on  forceful  tonic  contraction  (grasp)  of  the  normal  arm  may  be 
completely  inverted  in  form  when  the  head  is  rotated  to  the  hemiplegic 
side,  that  is,  with  face  pointing  over  the  shoulder  of  the  affected  half  of 
the  body.  The  photographs  below  (fig.  7  (a),  (h),  (c),  id))  show  this 
more  clearly  than  any  verbal  description.  This  patient  has  a  cerebral 
thrombosis    of    five    years'   standing.     An    identical    state  of    affairs  is 


Fig.  8. 


Fig.  9. 


Fig.  S. — A  graphic  record  of  the  same  phenomena  from  a  patient  with  left  liemiplegia. 
The  initial  posture  of  the  head  is  full  rotation  to  the  right  (normal  side).  At  G  a  voluntary 
grasp  with  the  normal  band  evokes  associated  flexion  of  the  hemiplegic  arm  with  incom- 
plete return  ("shortening  reaction")  on  relaxation  of  grasp.  The  head  is  then  rotated  to 
the  hemiplegic  side  (H  to  L).  At  once  further  extension  to  the  original  posture  of  the  arm 
occurs.  At  G,  a  grasp  with  the  normal  hand  is  now  accompanied  by  strong  associated 
extension  in  the  hemiplegic  arm  with  ircomplete  return  on  cessation  of  grasp.  The  head 
is  again  rotated  to  the  norma]  side  (H  to  R),  and  the  arm  returns  to  its  original  posture. 
At  G,  voluntary  grasp  with  the  normal  hand  is  followed  by  associated  extension  and 
incomplete  return  as  at  the  beginning  of  the  record.  Therefore,  the  record  shows  inversion 
of  associated  reaction  by  neck  rtflex,  and  also  the  characteristic  "shortening  reaction"  of 
tonic  muscle. 

Fig.  9. — Shows  a  less  profound  influence  of  neck  reflex  on  form  of  associated  reaction  than 
is  seen  in  fig  8.  A  case  of  right  hemiplegia.  With  the  head  rotated  to  the  hemiplegic 
(right)  side,  voluntary  grasp  evokes  a  clonus-like  oscillation  of  the  hemiplegic  arm  in  its 
initial  posture.     On  rotation  of  head  to  normal  (left  side),  the  associated  reaction  is  flexion. 


revealed  in  fig.  8.  This  graphic  record  is  taken  from  a  case  of  embolic 
left  hemiplegia  of  two  years'  standing.  It  shows  in  addition  to  reversal 
in  form  of  associated  reaction,  the  "  shortening  reaction  "  so  charac- 
teristic of  reflexes  in  tonic  muscle.  After  cessation  of  the  voluntary 
grasp  of  the  normal  hand,  the  associated  flexion  or  extension  passes  off 
incompletely,  but  with  rotation  of  the  head  the  limb  returns  at  once  to 
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its  initial  posture.  However,  the  influence  of  the  neck  reflexes  is  not 
always  so  potent,  and  in  some  subjects  the  associated  reaction  is  modi- 
fied but  not  inverted.  Thus,  fig.  9,  taken  from  a  patient  with  right 
hemiplegia  of  thrombotic  origin,  shows  an  associated  reaction  consisting 
simply  of  increase  of  tone  and  oscillation  of  the  limb  round  the  initial 
posture  when  the  head  is  rotated  to  the  paralysed  side,  but  associated 
flexion  when  the  head  is  rotated  to  the  normal  side.  With  the  head  in 
the  median   position  a  slighter  degree  of  flexion  occurred.      Fig.   10 


Fig.  10. — Shows  a  still  less  marked  influence  of  neck  reflex  on  the  associated  reaction  of 
the  hemiplegic  arm.  The  reaction  is  not  inverted  in  form,  but  the  associated  flexion  is 
diminished  progressively  in  amplitude  and  force  with  each  successive  grasp  after  the  head 
has  been  rotated  from  the  normal  to  the  hemiplegic  side.  Rotation  of  the  head  to  the 
normal  side  after  a  series  of  voluntary  grasps  produces  on  a  further  voluntary  grasp  a  full 
flexion  reaction  in  tbe  hemiplegic  arm.  The  first  and  last  (1  and  9)  associated  flexion 
reactions  were  obtained  in  the  manner  described  with  the  head  rotated  to  the  normal  side. 
The  head  was  then  rotated  towards  the  paralysed  side,  and  a  series  of  grasps  performed  with 
the  normal  hand  (2  to  8).  A  progressive  diminution  of  the  associated  flexion  is  seen  with  each 
grasp,  and  the  base  line  rises,  indicating  a  gradual  opening  out  of  the  angle  between 
forearm  and  upper  arm.  On  rotating  the  head  back  again  towards  the  normal  side,  a  greatly 
increased  flexion  reaction  at  once  ensues  on  grasping.  This  reaction  is  more  ample  than 
the  original  one,  and  may  be  said  to  show  the  phenomenon  of  "  post-inhibitory  exaltation." 
Further,  a  "  shortening  reaction  "  is  to  be  seen  after  the  flrst  and  last  reaction. 


records  an  even  less  marked  influence  of  the  neck  reflex.  The  patient 
had  a  thrombotic  right  hemiplegia  of  two  years'  standing.  In  both 
positions  of  the  head  (rotation  to  right  and  to  left)  the  associated  reaction 
in  the  affected  arm  was  flexion,  but  with  the  head  rotated  to  the  normal 
side  the  flexion  was  more  ample  and  more  forceful  than  with  the  head 
rotated  to  the  paralysed  side.  In  the  latter  instance,  each  successive 
associated  reaction  is  less  ample  and  the  return  to  the  initial  posture 
less  complete,  so  that  the  angle  between  forearm  and  upper  arm 
gradually  opens  out.     Finally  (grasp  9),  the  head  is  again  rotated  to  the 
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normal  side  and  a  more  ample  associated  flexion  than  was  present 
originally  is  seen  to  occur.  This  increased  amplitude  may  be  regarded 
as  an  example  of  "post-inhibitory  exaltation." 

(2)  The  Infiuence  of  labyrinthine  reflexes  on  associated  reactions. — 
This  is  best  seen  by  examining  the  associated  reaction  in  the  hemiplegic 
arm  with  the  patient  in  the  positions  of  maximal  labyrinthine  influence 
(supine)  and  of  minimal  labyrinthine  influence  (prone).  In  the  patient 
whose  reactions  are  illustrated  in  fig.  7,  the  associated  reaction  with  the 
patient  standing  and  the  head  in  the  median  position  is  slight  flexion  at 
the  elbow.  In  the  supine  position,  on  two  separate  occasions,  the 
reaction  was  extension,  pronation  and  slight  advancement  of  the  upper 
arm.  On  these  two  occasions,  on  turning  the  patient  over  on  to  his 
face  (prone),  with  the  head  slightly  retracted  and  the  arms  hanging  free 
at  the  sides  of  the  narrow  couch,  the  hemiplegic  arm  at  once  took  up  a 
posture  of  increased  flexion,  despite  the  unantagonized  action  of  gravity 
on  the  limb.  In  these  circumstances,  the  associated  reaction  was  ample 
flexion  with  some  abduction  at  the  shoulder.  Similar  results  were 
obtained  with  the  patient  sitting  upright  in  a  chair.  When  the  head 
was  well  thrown  back  (maximal  position  of  labyrinthine  influence)  and 
in  the  median  position,  the  associated  reaction  was  extension  of  the 
affected  arm,  but  with  the  patient  sitting  well  forward  and  the  head 
bent  downwards  and  the  face  gazing  between  his  knees  (minimal 
labyrinthine  influence)  the  reaction  was  flexion. 

Apart  from  this  direct  modifying  effect  of  labyrinthine  impulses  on 
the  form  of  the  associated  reaction,  a  general  reinforcing  effect  upon 
both  neck  reflexes  and  associated  reactions  often  follows  placing  the 
patient  in  the  prone  position,  and  this  also  we  may  attribute  to  the 
labyrinthine  influence  on  tone. 

(3)  The  interaction  of  associated  reaction,  neck  and  labyrinthine 
reflexes. — It  is  clear  from  what  has  been  said  that  at  any  given  moment 
an  associated  reaction  is  the  resultant  of  at  least  three  factors :  the  form 
of  the  stimulus  (voluntary  tonic  contraction),  the  position  of  the  head 
in  relation  to  the  horizontal  plane  (labyrinthine  influence)  and  the 
position  of  the  head  in  relation  to  the  trunk  (neck  influence).  It 
follows,  therefore,  that  in  an  examination  of  associated  reactions  in 
which  none  of  these  factors  is  constant  we  may  obtain  a  bewildering 
diversity  of  reactions  in  the  hemiplegic  arm,  which  seem  to  be  governed 
by  no  very  evident  laws.  In  the  study  of  associated  reactions  under- 
taken in  1912-1914  only  one  of  these  factors,  and  that  not  the  most 
important,  was  taken  into  account.     It  was  observed  that  sometimes 
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:i  reversal  in  the  form  of  the  voluntary  efifort  eliciting  the  associated 
reaction  did  effect  a  reversal  in  the  form  of  the  latte  but  this  was  not 
constant,  and  sometimes  the  reaction  was  symmetrical  and  sometimes 
in  the  opposite  sense.  We  can  see  now,  however,  that  no  constancy  of 
result  was  to  be  expected  unless  and  until  the  influence  of  head  posture 
was  taken  into  account.  In  one  of  the  patients  of  the  first  series  a 
stereotyped  associated  flexion  of  che  hemiplegia  arm  was  obtained  no 
matter  what  the  form  or  the  situation  of  the  voluntary  effort  evoking  it. 
The  observation  now  gains  interest,  for  the  record  contains  a  note  that 
the  patient  always  turned  his  head  to  the  right  (normal  side)  when 
carrying  out  any  forceful  voluntary  movement.  It  is  not  too  far- 
fetched, perhaps,  to  conclude  that  this  rotation  of  the  head  away  from 
the  paralysed  side  was  a  determining  factor  in  the  constant  form  of  the 
associated  reaction. 

Since  labyrinthine  and  neck  influence  are  always  in  question,  it 
follows  that  in  the  different  positions  of  the  subject  they  must  combine 
variously,  sometimes  reinforcing  and  sometimes  antagonizing  each 
other.  This  can  be  tested  by  examining  associated  reactions  with 
the  patient  in  the  supine,  prone  and  lateral  positions  with  the  head  in 
the  median,  right  and  left  relations  to  the  trunk.  This  somewhat  com- 
plex examination  is  best  illustrated  by  an  actual  example.  A.  C,  a  case 
of  thrombotic  right  hemiplegia  (cf.  figs.  1,  H,  6,  7). 

First  position — standing.  Arm  hangs  as  in  7,  a.  \'oluntary  movement 
throughout  examination  consists  in  a  forceful  voluntary  grasp  with  the  left 
liand,  the  left  arm  being  extended  and  adducted  and  slightly  advanced. 

Head  centre  =  slight  flexion  at  elbow. 

Head  right       extension,  ])i-onation  and  advancement. 

Head  left       flexion  at  elbow. 

Second  position — supine.  Arm  slung  in  same  degree  of  flexion  as  fig.  7,  d. 
Voluntary  movement  as  in  1.     Head  slightly  retracted. 

Head  centre  -    some  extension,  pronation  and  adduction. 

Head  right       full  extension  and  pronation. 

Head  left       flexion  to  right  angle. 

Third  position — prone.  Arm  hanging  free  at  side  of  couch  and  flexed  to 
an  angle  of  about  120  degrees  with  upper  arm.  Head  slightly  retracted. 
Voluntary  movement  as  above. 

Head  centre       flexion  to  right  angle  with  slight  abduction. 

Head  right       moderate  extension  with  marked  adduction. 

Head  left       full  extension  with  pronation  and  slight  adduction. 

Fourth  position — riffht  lateral.  Elbow  lies  on  couch  anterior  to  trunk  in 
moderate  flexion.     Voluntarv  movement  as  above. 
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Head  centre       Hexion. 

Head  right  (i.e.,  face  looking  downwards  on  to   pillow,  occii)ut  above) 
extension. 

Head  left  (face  up,  occiput  down)       extension. 

Fifth  position — left  lateral.  Hemiplegic  arm  now  uppermost  and  slung 
in  moderate  flexion.     Voluntary  movement  as  above. 

Head  centre       flexion. 

Head  right  (i.e.,  face  up,  occiput  down)  —  extension. 

Head  left  (i.e.,  face  down,  occiput  up)  —  flexion. 

These  results  become  intelligible  if  we  bear  in  mind  that  labyrinthine 
influence  on  extensor  tone  is  maximal  with  the  head  slightly  retracted 
and  the  face  looking  upwards,  and  minimal  with  the  head  slightly 
retracted  and  the  face  looking  downwards.  Therefore,  with  the  patient 
supine  we  should  expect  to  find  an  extensor  reaction  (if  labyrinthine 
reflexes  are  active)  with  head  centre  as  well  as  wnth  head  right  (i.e., 
turned  to  paralysed  side).  In  the  prone  position,  on  the  other  hand, 
labyrinthine  influence  being  minimal,  we  should  expect  to  find  neck 
reflexes  predominating  and  a  flexor  associated  reaction  with  head  centre 
and  head  lett.  This  is  what  we  have  actually  found  to  be  the  case.  In 
the  lateral  positions  with  the  head  median,  labyrinthine  influence  is 
intermediate  in  potency  (less  than  in  supine  and  more  than  in  prone 
positions),  and  here  the  neck  reflexes  determine  the  form  of  the  associated 
reaction.  With  the  face  pointing  upwards,  however,  labyrinthine 
influence  increases  and  we  see  associated  extension  in  both  lateral 
positions,  though  in  the  right  lateral  position  this  involves  rotation 
away  from  the  paralysed  side.  With  the  face  pointing  downwards 
labyrinthine  mfluence  is  minimal,  and  here  again  the  neck  reflexes 
determine  the  form  of  the  associated  reaction.  Therefore,  in  the  right 
lateral  position  we  get  associated  extension  when  the  face  points  down- 
wards (that  is,  head  rotation  to  right)  (paralysed)  side,  and  in  the  left 
lateral  position  with  the  face  pointing  downwards  (head  to  left)  (normal) 
side  we  get  associated  flexion. 

We  see,  therefore,  that  a  rapid  method  for  determining  the  relative 
predominance  of  labyrinthine  and  neck  reflexes  in  a  case  of  hemiplegia, 
is  to  place  the  patient  in  that  lateral  position  in  which  the  hemiplegic 
side  is  downmost  and  the  normal  side  uppermost.  If,  in  these  circum- 
stances, rotation  of  the  head  so  that  the  face  points  upwards  produces 
associated  extension  in  the  hemiplegic  arm  (that  is,  when  face  is  turned 
aw^ay  from  hemiplegic  side)  then  the  labyrinthine  influence  is  present 
and  active.  If,  however,  flexion  results  then  the  neck  reflex 
predominates. 
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One  further  complicating  factor  remains  for  mention.  If  each  of 
a  series  of  patients  is  subjected  to  repeated  examination  on  different 
days,  it  may  be  found  that  on  one  occasion  the  neck  reflexes  predominate 
in  all  positions  of  the  head  in  space,  while  on  another  the  labyrinthine 
influence  is  the  more  potent.  As  was  observed  before  [15]  when 
dealing  with  the  refiex  phenomena  in  spastic  paralysis  of  the  lower 
limbs,  reflex  reactions  in  tonic  extensor  muscles  vary  far  more 
widely  from  day  to  day  than  the  phasic  reflex  reactions  obtained 
from  flexor  muscles. 

Thus  in  a  spastic  paraplegia  in  extension,  the  form,  receptive 
field  and  activity  of  the  flexion  reflex  varies  little  if  at  all  from  day  to 
day,  but  the  degree  of  spasticity,  the  presence  of  clonus  and  of  other 
reactions  in  the  extensors  is  much  more  variable.  This  is  equally  true 
of  the  tonic  reflex  reactions  now  under  consideration.  The  conclusion 
to  be  drawn  from  this  is  that  repeated  examination  on  different 
occasions  is  essential  if  we  are  to  obtain  a  clear  notion  of  what  tonic 
reflexes  are  present  in  a  given  subject  with  hemiplegia.  Such  variations 
as  may  be  detected  from  day  to  day,  however,  do  not  indicate  that 
associated  reactions  are  capricious  phenomena  governed  by  no 
discoverable  laws.  They  indicate  that  there  are  several  factors  at 
work  in  determining  the  form  of  an  associated  reaction,  or  the 
presence  and  activity  of  a  tonic  neck  or  labyrinthine  reflex ;  that 
the  relative  potency  of  these  different  factors  varies  slightly  from  day 
to  day  and  from  hour  to  hour,  according  to  the  external  circumstances 
(such  as  external  temperature,  fatigue,  Sec.)  obtaining  ;  and  that  patient 
and  repeated  examination  will  reveal  that  four  determining  factors  are 
always  operative,  though  in  varying  degrees  of  intensity.  These  factors 
are  :  (1)  the  form  of  the  voluntary  effort  eliciting  an  associated  reaction. 
This  is  relatively  unimportant  in  our  experience,  (2)  The  presence  of 
tonic  impulses  arising  in  the  proprioceptors  of  the  neck ;  (3)  the 
presence  of  tonic  impulses  arising  in  the  otolith  organs  of  the  labyrinths  ; 
and  (4)  the  manner  in  which  neck  and  labyrinthine  influences  combine. 

Chapter  V. — Relation  of  Associated  Keactions  to  other   Tonic 

Reflexes. 

In  our  endeavour  to  determine  the  nature  and  physiological 
significance  of  associated  reactions,  we  may  compare  them  with  the 
tonic  neck  reflexes,  for  it  is  undisputed  that  these  are  reflex  2)ostural 
reactions.  From  the  observations  recorded  here  there  can  be  lit':le 
doubt  that  the  familiar  associated  reactions  of  the  paralysed  limbs  in 
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hemiplegia  are  phenomena  of  the  same  order  as  the  tonic  neck  reflexes 
of  Magnus  and  de  Kleijn.  An  observer  looking  at  an  associated  reaction 
in  the  paralysed  arm  produced  by  a  tonic  grasp  with  the  normal  arm, 
and  comparing  it  with  the  tonic  neck  reflex  occurring  in  the  paralysed 
arm  on  rotation  of  the  head,  cannot  distinguish  the  two ;  they  are 
identical  in  form,  latency  and  duration.  If  there  be  any  distinction 
between  the  two,  as  they  occur  in  a  given  subject,  it  is  that  the  tonic 
neck  reflex  tends  to  have  a  slightly  longer  latency,  to  develop  more 
slowly,  to  have  a  longer  after-contraction  and  to  subside  less  suddenly. 
These  points  of  difference,  which  are  never  more  than  a  matter  of  one 
or  two  seconds,  can  readily  be  traced  to  the  character  of  the  stimulus  in 
each  case.  In  the  associated  reaction,  the  stimulating  grasp  is  more 
forcible,  develops  more  rapidly  and  ceases  more  suddenly  than  is  the 
case  with  the  leisurely  rotation  of  the  head  which  produces  the  tonic 
neck  reaction.  In  both  instances,  the  limb  goes  into  strong  tonic  con- 
traction, predominantly  flexor  or  predominantly  extensor  as  the  case 
may  be,  and  takes  up  a  new  posture  which  is  maintained  until  the  pro- 
prioceptive stimulus  ceases.  We  may  conclude,  therefore,  that  the 
associated  reactions  which  follow  strong  tonic  voluntary  muscular  con- 
traction in  hemiplegia  are  postural  reflexes  closely  allied  with  the  tonic 
neck  and  labyrinthine  reflexes  of  Magnus  and  de  Kleijn. 

In  the  introductory  chapter  we  mentioned  the  pioneer  observations 
of  Sherrington  that  the  tone  of  a  given  muscle,  although  dependent  for 
its  maintenance  on  the  afferent  nerve  supply  of  that  muscle,  yet  was 
capable  of  modification,  or  regulation,  by  means  of  afferent  impulses 
arising  elsewhere.  As  we  have  seen,  the  later  work  of  Magnus  and  his 
collaborators  has  resulted  in  the  minute  analysis  of  the  nervous  reflex 
mechanisms  by  which  this  regulation  of  tone  is  carried  out.  However, 
these  observers  make  no  reference  to  tonic  reflexes  arising  in  the  limbs 
themselves  and  regulating  the  posture  either  of  the  head,  trunk  or 
limbs.  Yet  a  moment's  consideration  will  suggest  that  the  existence  of 
such  reactions  is  extremely  probable,  for  voluntary  activity  of  the  limbs 
may  be  such  as  to  demand  widespread  synergic  postural  fixation,  and  it 
is  the  experience  of  everyone  that  such  fixation  occurs  in  all  forcible 
muscular  activities  of  the  limbs.  Moreover,  we  do  not  turn  in  vain  to 
experimental  physiology  for  confirmation  of  these  conjectures. 
Sherrington  [9]  has  recorded  that  "  The  reflex  posture  in  each  body- 
region  is  not  of  course  wholly  independent  of  afferents  in  other  regions. 
Thus,  passive  flexion  of  the  elbow  and  shoulder  often  provokes  in  the 
decerebrate  preparation  heightening  of  the  tonic  extension  of  ipsilateral 
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knee  and  ankle,  and  lowering  of  it  in  crossed  knee  and  ankle.  Again, 
active  or  passive  rotation  of  neck  on  its  long  axis  in  the  decerebrate 
preparation  inhibits  extensor  tonus  in  hind-limb  on  the  side  of  the 
lowered  pinna  and  causes  active  flexion  of  the  knee  ..."     Here 

we  find  grouped  together,  as  reactions  of  the  same  order,  tonic  reflexes 
arising  in  the  limbs  and  acting  on  the  limbs,  and  tonic  reflexes  arising 
in  the  neck  and  acting  on  the  limbs.  This  is  exactly  what  we  have 
described  as  occurring  in  hemiplegia.  The  associated  reaction  in  the 
paralysed  arm  on  voluntary  clenching  of  the  normal  hand  is  a  tonic 
reflex  arising  in  the  limb  and  acting  on  the  (crossed)  limb.  When  they 
are  the  result  of  contraction  of  trunk  muscles,  as  in  yawnmg,  they  may 
be  called  "  tonic  reflexes  arising  in  the  trunk  and  acting  on  the  limbs." 
In  the  same  way,  the  associated  tonic  reactions  of  the  trunk  muscles 
may  be  classified  according  to  whether  they  depend  upon  voluntary 
contraction  of  trunk  or  of  limb  muscles. 

If  we  accept  this  view  as  to  the  nature  of  "  associated  movements  " 
in  hemiplegia,  we  are  not  postulating  as  essential  to  the  co-ordination  of 
posture  in  man  any  factor  or  process  which  has  not  already  been 
demonstrated  to  obtain  in  mammals,  from  the  guinea-pig  to  the  ape. 

It  is  not  necessary  to  recapitulate  the  reasons  given  in  a  previous 
chapter  for  regarding  "  associated  movements  "  as  tonic  reflexes,  but  we 
may  now  emphasize,  as  further  confirmation  of  that  conclusion,  the 
luanner  in  which  they  act  harmoniously  with  the  tonic  neck  and 
labyrinthine  reflexes,  each  group  reinforcing  and  modifying  the  other 
two.  Nevertheless,  certain  alternative  interpretations  have  to  be 
considered.  Marie  and  Foix  [G]  speak  of  the  reactions  in  question  as 
"  syncinesies  globales,"  and  regard  them  as  one  of  three  distinct  types 
of  associated  movement  to  be  observed  in  cases  of  hemiplegia.  We  are 
not  now  concerned  with  the  second  and  third  types,  though  it  will  be 
necessary  to  refer  to  them  later.  Marie  and  Foix  state  that  "  syncinesies 
globales  "  consist,  as  the  term  indicates,  of  a  generalized  contraction  of  the 
muscles  of  tHe  reacting  limb  in  w^hich  there  is  a  struggle  between  flexor  and 
extensor  groups,  one  or  other  predominating  and  determining  the  direc- 
tion of  the  movement.  In  effect,  the  result  is  simply  an  exaggeration  of 
the  type  of  spasticity  already  present  in  the  limb,  flexion  in  the  arm  and 
extension  in  the  limb.  They  state  further  that  for  a  given  patient  the 
form  of  the  global  associated  movement  is  constant  under  all  conditions 
and  incapable  of  variation.  Now,  if  we  accept  this  view  we  seem 
compelled  to  deny  that  associated  movements  are  reflex  reactions,  for  in 
no  known  reflex  is  this  complete  overthrow  of  co-ordinated  activity  to 
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be  observed.  All  postural  and  phasic  reflexes  show  either  simple 
reciprocal  innervation  or  the  more  complex  double  reciprocal  innervation. 
In  view  of  the  observations  here  recorded,  it  seems  impossible  to  deny 
the  reflex  origin  of  associated  movements,  and  therefore  we  need  not 
give  further  consideration  to  Marie  and  Foix's  implication.  However, 
it  is  the  fact  that  antagonistic  muscle  groups,  extensor  and  flexor,  are  to 
be  observed  in  simultaneous  contraction  in  such  an  associated  reaction 
as  we  have  described.  Eiddoch  and  Buzzard  [8]  have  emphasized 
this  point,  and  evidently  felt  the  difficulty  of  reconciling  it  with  their 
conceptions  of  reflex  co-ordination  of  movement.  Hence  they  came 
to  the  conclusion  that  while  reciprocal  innervation  obtains  in  phasic 
reflexes,  that  is  in  reflex  movements,  postural  reflexes  are  governed  by 
a  distinct  process  of  concurrent  innervation.  It  is  not  necessary  to 
modify  or  add  to  the  laws  governing  the  reflex  co-ordination  of  move- 
ment which  have  already  been  formulated.  Sherrington  [10]  has 
pointed  out  that  simple  reciprocal  innervation  is  "  a  relatively  artificial 
reaction  "  because  :  "  The  isolated  stimulation  of  just  one  whole  afferent 
nerve,  the  rest  of  the  nervous  system  lying  plunged  at  the  time  in 
approximately  complete  quietude,  is  a  state  of  things  little  resembling 
the  ordinary  occurrences  of  waking  life.  Usually  in  the  latter  the 
reactions  of  the  nervous  system  result  from  the  combination  of  a 
number  of  stimuli  playing  concurrently  on  its  afferent  channels,  and 
some  impelling  to  one  action  and  some  to  another.  Any  particular 
motor  centre,  whether  for  flexion  or  extension,  lies  then  under  at 
least  a  twofold  influence.  .  .  .  If  we  voluntarily  hold  the  arm 
semi-flexed,  nothing  is  easier  than  to  make  both  flexor  and  extensor 
contract  together ;  by  simply  feeling  the  hardness  of  the  muscles 
through  the  skin  we  can  assure  ourselves  of  that  fact.  .  .  .  Certain 
reflex  reactions  in  their  natural  occurrence  similarly  exhibit  in  some 
cases  a  contemporaneous  contraction  of  antagonists."  If,  in  an  experi- 
mental preparation,  two  stimuli,  one  exciting  flexion  and  one  extension 
of  a  limb,  are  simultaneously  given,  it  is  possible  by  suitable  grading  of 
the  two  to  produce  a  flexion  movement  in  which  both  flexors  and 
extensors  are  simultaneously  in  contraction.  What  is  observed  is  that 
flexion  is  less  pronounced  than  it  would  have  been  with  a  single  flexion 
stimulus,  while  inhibition  of  the  extensors  is  also  less  complete.  The 
discharge  from  both  flexor  and  extensor  half -centres  represents  the 
algebraical  sum  of  the  opposed  excitation  and  inhibition.  We  see, 
therefore,  that  it  is  not  right  to  assume  "  that  under  reciprocal  innerva- 
tion   two  antagonists  necessarily  can  never   l)e   in  contraction  at  the 
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same  time.  .  .  .  What  reciprocal  innervation  does  provide  is  that, 
in  the  execution  of  a  muscular  act  by  antagonists,  augmentation  of 
contraction  or  motor  discharge  shall  not  occur  concurrently  in  pro- 
tagonists and  antagonists,  nor  conversely  decrease  of  contraction  or 
discharge  occur  concurrently  in  the  two.  These  latter  appear  only 
possible  when,  breaking  in  on  a  condition  of  rest  of  both  half  centres  or 
opponent  muscles,  there  ensues  one  of  those  instances  of  double 
reciprocal  innervation  in  which  the  balance  between  inhibition  and 
excitation  is  such  as  to  allow  both  half-centres  to  discharge,  although 
unequally  ;  or  when  to  such  a  state  of  double  reciprocal  innervation 
there  succeeds  a  reversion  of  both  half-centres  into  rest,  the  stimuli 
which  evoked  the  double  reciprocal  innervation  subsiding  together. 
Except  under  these  circumstances,  reciprocal  innervation  secures  that 
any  increase  in  the  contraction  or  discharge  of  the  protagonists  shall 
be  accompanied  by  corresponding  diminution  of  the  contraction  or 
discharge  of  its  antagonist,  even  to  complete  suppression  of  the  latter." 
It  is  scarcely  possible  to  explain  this  complex  process  of  reflex  co- 
ordination of  movement  and  of  posture  more  succinctly,  hence  these 
long  quotations  from  Sherrington  may  be  pardoned.  The  relation  of 
opposing  groups  of  muscles  in  so  complex  a  reaction  may  be  summed 
up  in  the  striking  phrase  of  Hughlings  Jackson,  employed  originally 
it  is  true  in  another  connection,  but  equally  apt  in  this,  that  there  is 
between  the  two  "  a  perfect  co-operation  of  antagonism."  We  are  not, 
therefore,  compelled  to  reject  as  a  true  reflex  reaction  one  in  which 
there  is  visible  simultaneous  contraction  in  opposing  muscle  groups. 
Moreover,  it  is  clear  that  in  a  maintained  attitude  this  simultaneous 
activity  will  be  more  readily  visible  than  in  a  rapid  movement  of  the 
limb.  In  short,  the  final  difiiculty  in  regarding  "  associated  movements  ' 
as  true  reflex  reactions  has  been  removed. 

There  remains  one  other  possible  interpretation.  Socin  and  Storm 
van  Leeuwen  [14]  have  shown  that  the  presence  of  a  tonic  neck  reflex 
may  modify  the  form  of  a  phasic  reflex  simultaneously  elicited,  and  the 
interaction  of  tonic  neck  and  limb  reflexes  we  have  described  may  be 
an  example  of  such  a  variation  in  a  phasic  reflex  (the  associated  reaction) 
by  a  concurrent  tonic  reflex  (the  neck  reflex).  We  have  only  to  con- 
sider this  possibility  to  dismiss  it.  As  Kiddoch  and  Buzzard  have 
shown,  phasic  reflexes  in  the  upper  limb  differ  in  the  quality  of  the 
stimulus  and  in  the  nature  of  the  response  from  the  associated 
reactions  we  have  been  considering.  In  every  factor  concerned,  the 
latter  present  unmistakably  the  characters  of  tonic  or  postural 
reactions. 
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We  mentioned  earlier  a  classification  of  "  associated  movements  " 
advanced  by  Marie  and  Foix,  and  if  we  are  to  orientate  the  interpretation 
of  these  phenomena  reached  in  the  present  paper,  we  must  consider 
shortly  the  views  of  these  observers,  whose  paper  on  the  subject  is  at 
once  the  most  recent  and  the  most  comprehensive  on  the  subject.    It  will 
be  seen  that  they  employ  the  term  "  syncinesies  "  in  a  much  wider  sense 
than  that  commonly  understood  by  the  term  "  associated  movements  " 
in  this  country.    The  associated  reactions  described  in  Chapter  II  of  the 
present  paper  are  the  "  syncinesies  globales  ou  spasmodiques  "  of  Marie 
and  Foix.     The  second  group  of  these  writers  is  that  of  "  syncinesies 
d'imitation."     These    are    stated    to    be   rare  and  of    little   theoretical 
importance.     They  are  largely  voluntary,  and  can  be  inhibited  by  the 
subject.     They  consist  in  feeble  imitative  movements  in  one  limb  when 
its  fellow  carries  out  rapidly  alternating  movements.     They  are  to  be 
seen  in  cases  where  there   is  no  question  of  a  pyramidal   lesion,  and 
occur  indifferently  in  the  normal  or  in  the  affected  hand  in  such  con- 
ditions as  hemichorea,  and    hemiathetosis.     Marie  and  Foix  consider 
that  they  represent  an  exaggeration  of  the  normal  tendency  to  imitation 
by    the    crossed    hand   or    arm  of    alternating  movements.     It  seems, 
therefore,  that  on  this  definition  the  movements  in  question  are  neither 
reflex  nor  tonic,  and  can  be  called  "  associated  "  only  in  a  loose  sense 
of  the  word.     Under  the   heading   "  syncinesies  de   co-ordination  "  we 
find  included  a  somewhat  varied  collection  of  motor  activities,  tonic, 
phasic,  reflex  and  voluntary,  and  having  for  the  most  pp'-t  nothing  in 
common.     Thus,  Magnus  and  de  Kleijn's  tonic  neck  reflexes  find  a  place 
here,  and  are  stated  to  be  fundamentally  distinct  from  the  associated 
reactions  produced  by  voluntary  contraction  of  muscles.     Quite  distinct 
from  this  group  is  the  phenomenon  the  description  of  which  follows.     A 
patient  with  some  voluntary  control  over  the  affected  leg  may  be  unable 
to  dorsiflex  the  foot  as  an  isolated  movement,  yet  when  he  is  asked  to 
flex  the   whole   limb  dorsiflexion  of   the  foot    occurs   and    cannot   be 
inhibited.     In    these  circumstances    they    regard    dorsiflexion    as    an 
associated  movement.     This  conclusion  seems  to  embody  a  conception 
of  the  nature  of  hemiplegia  which  has  not  been  held  in  this   country 
since   Hughlings    Jackson   gave  us  a  more  profound  insight  into  the 
matter  [2] .     We    know  that    isolated    movements,  especially    of    the 
distal  segments  of  the  limbs,  are  the  first  to  suffer  in   a  condition  of 
hemiplegic  weakness,  while  the  more  deeply  organized  mass  movements 
of  the  limbs,  which  have  a  complete  representation  on  the  reflex  levels 
of  the   nervous  system,  are  very  much  more  resistant.     In  every  case 
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of  residual  hemiplegia,  we  may  find  abundant  illustration  of  this  law  of 
dissolution  of  function  in  the  nervous  system.  Therefore,  to  speak  of 
dorsiflexion  of  the  foot  when  it  occurs  as  an  integral  part  of  another 
movement  as  an  "  associated  movement  "  is  to  stretch  the  conception  of 
associated  movements  to  a  point  when  it  ceases  to  have  any  precise 
meaning.  We  may  conclude,  therefore,  that  interesting  as  Marie  and 
j^'oix's  classification  undoubtedly  is,  yet  it  cannot  be  accepted  as  based 
upon  a  truly  scientific  analysis. 

Chapter  VI. — Conclusions. 

As  the  result  of  a  study  of  the  so-called  **  associated  movements  "  of 
hemiplegia  undertaken  during  191'2-1914,  the  general  conclusion  was 
reached  that  they  are  rather  to  be  regarded  as  postural  reactions,  that 
is,  as  variations  in  muscle  tone  and  attitude,  than  as  movements  in  the 
strict  physiological  sense.  No  precise  determination  of  the  factors 
governing  the  form  of  these  reactions,  nor  of  their  relation  to  other 
varieties  of  tonic  reflex  reaction,  was  reached.  In  the  period  which  has 
elapsed  since  these  observations  were  made,  there  have  been  striking 
advances  in  our  knowledge  of  the  nervous  processes  by  which  the 
regulation  of  tone,  that  is,  the  co-ordination  of  posture,  is  achieved. 
The  experimental  researches  of  Magnus  and  de  Kleijn  and  their 
collaborators  must  be  specially  mentioned  in  this  connection,  and  in 
the  light  of  this  knowledge  a  re-survey  of  the  problem  has  been 
attempted. 

It  is  found  that  the  nature  of  the  adequate  stimulus,  and  the 
latency,  form  and  duration  of  these  reactions,  confirm  the  view  that 
they  are  in  fact  tonic  or  postural  reflex  reactions  and  not  "  movements  " 
in  the  strict  physiological  sense  of  this  term.  The  adequate  stimulus 
is  a  tonically  maintained  voluntary  contraction  of  some  part  of  the 
skeletal  musculature  other  than  the  reacting  muscles.  Forceful  tonic 
contraction  of  the  normal  arm  is  the  most  powerful  stimulus,  and 
no  actual  excursion  or  movement  is  necessary.  The  response  has  a 
characteristically  long  latent  period,  in  which  it  difl'ers  strikingly  from 
such  a  phasic  reflex  as  a  tendon  jerk,  is  tonically  maintained  throughout 
the  period  of  stimulation,  develops  relatively  slowly  and  as  slowly 
declines,  and  may  show  marked  tonic  after-contraction  and  "  shortening 
reaction." 

When  the  conditions  of  investigation  are  unchanged,  the  response 
tends  to  be  invariable  in  form.     The  common  type  consists  of  increased 
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flexion  of  the  forearm  and  of  the  wrist  and  digits,  with  variable  move- 
ment of  the  shoulder,  in  which  either  adduction,  abduction  or  elevation 
may  predominate.  In  the  leg  the  common  response  is  increased 
extensor  rigidity  with  some  inversion  and  dorsiflexion  of  the  foot  and 
dorsiflexion  of  the  hallux.     Other  less  common  forms  are  described. 

It  is  found  also  that  not  infrequently  the  "  associated  reaction,"  for 
such  it  seems  more  accurate  to  call  it,  may  be  profoundly  modified  in 
form  by  variations  in  the  form  of  the  voluntary  contraction  eliciting  it. 
Thus,  the  response  to  voluntary  flexion  of  the  normal  arm  may  be  an 
associated  flexion  attitude,  while  on  voluntary  extension  associated 
extensor  spasm  may  result.  On  the  other  hand,  reciprocal  responses 
may  occur.  Such  modifications  of  response  are  more  commonly 
observed  in  the  upper  limb,  but  are  occasionally  to  be  seen  in  the 
paralysed  leg. 

A  search  for  the  tonic  neck  mid  labyrinthine  reflexes  described  by 
Magnus  and  de  Kleijn  was  also  made,  and  it  was  found  that,  in  greater 
or  less  facility  and  intensity,  they  are  almost  constantly  present  in  \ 
cases  of  spastic  residual  hemiplegia.  The  neck  reflexes  are  the  most  I 
marked.  Rotation  of  the  head  so  that  the  face  looks  towards  the  ' 
paralysed  side  produces  an  extensor  spasm  in  the  affected  arm.  In 
detail,  this  consists  of  adduction  and  advancement  of  the  upper  arm, 
extension  and  full  pronation  of  the  forearm  and  increased  flexion  of 
wrist  and  digits.  Rotation  of  the  head  so  that  the  face  points  towards 
the  normal  side  produces  an  attitude  of  increased  flexion  in  the 
paralysed  arm.  In  detail  this  consists  either  of  abduction  or  of 
adduction  at  the  shoulder,  of  increased  flexion  at  the  elbow,  so  that  in 
some  instances  the  clenched  fist  comes  to  lie  against  the  front  of  the 
shoulder,  and  of  increased  flexion  of  wrist  and  digits.  An  influence  of 
the  neck  reflexes  on  the  lower  limb  was  less  frequently  observed,  but 
when  present  obeyed  the  same  laws. 

The  labyrinthine  reflexes,  produced  by  changes  in  the  posture  of  the 
head  in  relation  to  the  horizontal  plane,  were  not  so  well  marked,  but  in 
the  case  of  the  upper  limb  evidence  was  obtained  of  a  reinforcing  effect 
on  extensor  tonus  when  the  head  was  placed  in  the  maximal  position, 
that  is,  with  face  pointing  upwards  and  the  head  slightly  retracted. 

In  certain  subjects,  simple  head  rotation,  or  variations  in  head  pos- 
ture in  relation  to  space,  failed  to  reveal  the  presence  either  of  neck  or 
of  labyrinthine  reflexes.  In  these  cases  the  presence  of  both  could 
nevertheless  be  detected  when  the  associated  reactions  were  examined 
in  the  prone,  supine  and   lateral  positions,  and  with  the  head  in  the 


32  OHKilNAL    ARTICLES    AND    CLINICAL    CASES 

median  and  the  two  rotated  positions.  In  these  various  positions  the 
neck  and  the  labyrinthine  reflexes  combine  variously  and  the  resulting 
reactions  are  described  and  analysed. 

From  all  these  observations  it  is  concluded  that  the  so-called 
"associated  movements"  of  hemiplegia  are  tonic  or  postural  reflex 
reactions  allied  to  the  tonic  neck  and  labyrinthine  reflexes  of  Magnus 
and  de  Kleijn.  They  are  best  elicited  by  tonic  voluntary  activity  of  the 
normal  limbs,  and  in  these  circumstances  may  be  described,  following 
Magnus's  nomenclature,  as  "  tonic  reflexes  arising  in  the  limbs  and 
acting  on  the  limbs."  The  manner  in  which  they  combine  and  inter- 
act with  the  neck  and  labyrinthine  reflexes  confirms  the  view  that  they 
are  strictly  comparable  reactions  and  belong  to  a  large  group  of  reflex 
reactions  by  which  muscle  tone  is  regulated  and  the  co-ordination  of 
|)Osture  achieved.  However,  if  we  consider  them  as  a  whole,  we  find 
that  "  associated  movements  "  may  result  from  tonic  voluntary  contrac- 
tion in  face,  neck,  trunk  and  limb  muscles  and  may  spread  so  as  to 
involve  all  these  muscles  on  the  hemiplegic  side.  While  it  would  be 
possible  to  divide  these  reactions  into  groups  according  to  their  point  of 
origin  and  seat  of  response,  as  indeed  we  have  done  in  the  case  of  those 
arising  in  the  limbs  and  acting  on  the  limbs,  no  good  purpose  would  be 
achieved.  The  point  illustrated  by  associated  reactions,  whatever  their 
place  of  origin  and  seat  of  response,  is  that  while  the  tone  of  a  given 
muscle  depends  primarily  and  essentially  upon  the  integrity  of  its  own 
afferent  supply,  yet  this  tone  is  constantly  influenced  and  modified  by  im- 
pulses arising  in  proprioceptive  end-organs  elsewhere  in  the  body. 
Activated  by  these  deep  receptors,  the  reflex  mechanisms  situated  in  the 
brain-stem  achieve  the  co-ordination  of  posture.  The  experimental 
demonstration  of  this  nervous  regulation  has  been  provided  by  the  work 
of  Sherrington,  and  later  and  more  completely  by  that  of  Magnus  and 
his  co-workers,  in  proposing  the  present  interpretation  of  "  associated 
movements'"  we  are,  therefore,  simply  adding  to  the  already  weighty 
evidence  that  the  processes  of  reflex  co-ordination  of  movement  in  man 
are  es.sentially  the  same  as  obtain  in  the  lower  mammals,  and  in  man, 
as  in  animals,  the  relative  intensity  of  the  various  tonic  reflexes  varies 
from  subject  to  subject. 

In  man  cortical  control  of  these  reflex  activities  is  more  complete 
and  far  more  highly  developed,  and  the  lines  along  which  this  control 
has  developed  are  beautifully  seen  in  the  records  of  Sherrington  and 
Leyton's  observations  on  the  excitable  motor  cortex  of  anthropoids  [11]. 
In  hemiplegia  this  cortical  control  is  more  or  less  completely  abolished 
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over  the  musculature  of  one  half  of  the  body,  with  the  result  that  there 
appear  on  voluntary  motor  activities  two  closely  allied  phenomena, 
namely,  spasticity  or  a  selectively  distributed  hypertonus,  and  postural 
reactions,  including  those  known  clinically  as  "  associated  move- 
ments." Their  "  release "  from  cortical  control  results  not  merely 
in  their  exaggerated  activity,  but  also  and  inevitably  in  their 
coarse  and  ill-adapted  character.  Not  only  have  they  been  released 
from  control,  but  they  have  also  depreciated  profoundly  in  fineness  of 
adjustment  and  purposive  adaptation.  If,  as  we  believe,  spasticity  is 
physiologically  identical  with  experimentally  produced  decerebrate 
rigidity,  then  the  appearance  of  "  associated  movements  "  in  hemiplegia 
is  a  natural  corollary  to  the  development  of  spasticity.  Eeasons  are 
given  for  concluding  that  Marie  and  Foix's  classification  of  "  syn- 
cinesies  "  includes  motor  phenomena  which  cannot  rightly  be  termed 
"  associated."  Of  these  some  are  voluntary,  some  phasic  and  only  a 
certain  number  tonic  and  reflex  in  origin.  Therefore  the  term 
"associated  movement,"  or  to  be  more  accurate  "associated  reaction," 
should  be  limited  to  the  phenomena  described  in  Chapter  II,  it  being 
understood  that  this  is  simply  an  empirical  term  used  to  indicate  a 
particular  group  of  postural  reflexes,  of  which  allied  groups  are  also 
present  in  cases  of  hemiplegia. 

Appendix. 

The  recording  kymograph  employed  is  an  elaboration  of  that 
described  and  figured  in  an  earlier  paper  [14],  and  was  made  by 
Messrs.  C.  F.  Palmer,  the  physiological  instrument  makers.  It  con- 
sists of  a  standard  Sherrington-Starling  drum,  mounted  on  a  drum  stand 
fitted  with  two  special  upright  arms,  the  one  having  two  light  grooved 
pulleys  round  which  runs  a  thread  carrying  a  writing  point,  and 
terminating  in  a  long  spiral  spring  at  one  end,  and  at  the  other  connected 
with  one  of  the  five  speeds  of  a  large-coned  vulcanite  pulley  which  is 
fitted  to  the  other  upright  arm.  From  the  vulcanite  pulley  another 
thread  leads  off  to  the  limb  or  group  of  muscles  under  investigation. 
The  excursion  of  the  writing  point  may  be  varied  in  amplitude,  as 
required,  according  to  the  groove  selected  on  the  pulley.  Other 
adjustments  ensure  a  suitable  tension  of  the  spring,  and  length  of  the 
thread  leading  to  the  subject,  and  allow  the  taking  of  two  simultaneous 
records. 

A  third  upright    arm  carries    the    signal    and    the    time-recording 
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clock.     A    drum    extension    fitting    is    required    for    lengthy    records. 
The  kymograph  is  driven  by  means  of  a  small  electric  motor. 

The  graphic  recording  of  reflex  movements  and  postures  in  man 
possesses  many  inherent  difficulties.  Of  these  the  fixation  of  the 
patient  during  the  taking  of  records  is  one.  Any  adventitious  change 
of  posture  in  the  trunk,  which  carries  the  limb  with  it,  causes  an 
excursion  of  the  writing  point  and  vitiates  the  record  of  the  movement 


Fig.  11. 


under  investigation.  Further,  since  in  many  instances  an  associated 
flexion  of  the  elbow  in  the  hemiplegic  arm  is  accompanied  by  adduction 
or  abduction,  protraction  or  retraction  at  the  shoulder,  the  graphic 
record  is  simply  an  algebraical  summation  of  movements  in  as  many  as 
three  planes  at  once,  and  is  incapable  of  analysis.  Therefore,  not  every 
subject  is  suited  for  investigation  by  this  method.  Those  chosen  have 
been  subjects  in  whom  the  associated  reactions  were  relatively 
uncomplicated  flexion  or  extension  at  the  elbow  or  knee,  and  who 
could  be  relied  upon  to  carry  out  orders  accurately  and  to  lie  still. 
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The  subject  lies  on  his  back  on  a  hard  couch,  the  hemiplegic  arm 
from  which  it  is  desired  to  take  a  record  has  a  bracelet  fixed  round 
the  wrist  and  is  then  slung  in  such  a  way  that  free  extension  and 
flexion  at  the  elbow  can  occur  when  the  muscles  go  into  reflex  spasm. 
The  thread  is  then  fixed  to  the  dorsum  of  the  wrist  distal  to  the  sling 
by  strapping  or  some  other  method. 

The  signalling  of  stimulation  (head  rotation  or  voluntary  grasping) 
is  effected  by  placing  the  head  or  hand  in  circuit  with  the  signal,  so 
that  contact  is  made  only  during  head  movement  or  during  grasping. 

Addendum. 

While  the  observations  recorded  in  the  foregoing  chapters  were  in 
process  of  preparation  for  publication,  the  writer's  attention  was  drawn 
by  Professor  Magnus  in  a  private  communication  to  the  two  papers  of 
Simons  on  the  same  subject  (Neurologisches  Centralblatt,  1920,  39,  132, 
and  Zeitschrift  fi'ir  die  gesamte  Neurologie  unci  Psychiatrie,   1923,  80, 
499).     The  latter  of  these,  which  contains  the  full  account  of  Simons'^ 
observations,  only  reached  this  country  when   the   present  paper  was 
completed  (March,  1923).     It  has  not,  therefore,  been  possible  to  do 
complete  justice  to  Simons'  work  in  the  body  of  the  paper.     In  respect 
of  tonic  neck  reflexes  and  their  influence  on  associated  reactions  it  is 
clear  that  almost  all  the  observations  recorded  here  have  been  antici- 
pated by  Simons,  who  has  illustrated  his  work  by  a  series  of  beautiful 
photographs.     His  remarks  upon  the  methods  of  eliciting  tonic  neck 
reflexes,  their  variations  in  intensity  from  day  to  day  in  a  given  subject,, 
and  from  subject  to  subject,  are  in  complete  accord  with  the  present 
writer's  experience.     In  respect  of  the  lower  limbs,  Simons  has  been  able 
to  demonstrate  more  fully  developed  neck  reflexes  than  has  been  found 
possible  from  the  clinical  material  available  for  the  present  observations. 
It  is  clear  that  cases  of  cerebral   diplegia  and   of  hemiplegia  of  fairly 
recent  origin  in  young  adults  are  the  material   from   which  the  most 
striking  results  in  this  direction    are   to  be   anticipated.     Simons  has 
not    succeeded  in  demonstrating  labyrinthine    influence   on  tone,  and 
concludes  that  this  cannot  be  revealed  in  man  by  the  methods  adequate 
for  the  purpose  in  the  case  of  animals.     Yet  it  is  nowhere  clear  that  he 
has  taken  the  steps  necessary  to  demonstrate  labyrinthine  reflexes.     He 
has  concerned  himself  exclusively  with  the  effects  on  limb  tonus  and  on 
associated  reactions  of  variations  in  the  relation  of  the  head  to  the 
trunk.     If  the  associated  reactions  be  examined  with  the  patient    in 
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the  supine,  prone,  right  and  left  lateral  positions  the  influence  of  the 
labyrinth  can  be  determined  even  in  the  relatively  unfavourable  clinical 
material  which  forms  the  basis  of  the  present  observations.  Further, 
if  in  each  of  these  four  positions  head  rotation  be  carried  out,  it  is 
possible  to  reveal  an  interaction  of  labyrinthine  and  neck  reflexes.  On 
this  point,  therefore,  Simons'  work  needs  amplification. 

In  addition  to  the  study  of  neck  reflexes  in  cases  presenting  pyra- 
midal lesions,  Simons  has  studied  a  large  number  of  cases  presenting 
one  or  other  of  the  extrapyramidal  syndromes,  and  has  been  uniformly 
unable  to  demonstrate  tonic  neck  reflexes.  The  observation  is  im- 
portant as  emphasizing  the  fundamental  physiological  distinction 
between  the  spasticity  of  pyramidal  tract  lesions  and  the  rigidity  of 
extrapyramidal  origin. 

He  has  also  been  able  to  demontrate  tonic  neck  reflexes  in  three 
cases  of  high  (cervical)  spinal  lesion.  This  observation  is  also  of  con- 
siderable interest.  As  the  present  writer  has  pointed  out  in  the  papers 
referred  to  in  the  preceding  chapters,  the  spasticity  in  the  lower  limbs 
in  cases  of  paraplegia  in  extension  is  physiologically  identical  with 
experimentally  produced  decerebrate  rigidity.  It  is,  however,  difficult 
to  understand  how  a  spinal  lesion  can  produce  a  phenomenon  truly  akin 
to  this  condition.  If,  as  Simons'  observations  indicate,  spinal  lesions 
suffice  to  produce  tonic  reflex  reactions  so  closely  allied  to  decerebrate 
rigidity  as  are  the  tonic  neck  reflexes,  then  there  can  be  no  insuperable 
obstacle  to  the  view  that  a  form  of  tonic  reflex  activity  physiologically 
identical  with  decerebrate  rigidity  can  result  from  a  lesion  at  the  same 
anatomical  level  of  the  nervous  system.  It  must  be  stated,  however, 
that  Simons  does  not  deal  at  any  length  with  these  or  other  theoretical 
considerations,  but  is  primarily  concerned  to  record  the  facts  of 
observation. 
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NYCTIGEBUS. 

BY   JOHN   I.   HUNTER,    M.B.,    CH.M.   (SYDNEY). 
{From  the  Department  of  Atiatomy,  University  College,  University  of  London.) 

The  researches  of  Elliot  Smith  [2]  [3]  [4]  have  shown  the 
nature  of  the  cortical  changes  which  are  brought  about  as  the  result 
inter  aha  of  the  enhanced  powers  of  vision  developed  as  a  result  of  the 
adoption  of  the  arboreal  life.  He  has  called  attention  to  the  fact  that 
examples  of  the  menotyphlous  insectivora  lend  themselves  to  comparison 
as  illustrations  of  these  changes,  and  has  described  the  differences 
between  the  brain  of  the  jumping-shrew,  macwscelides,  and  the  tree- 
shrew,  tupaia.  "In  the  tree-shrew,"  he  says,  "the  importance  of  the 
sense  of  smell  is  diminished  and  those  of  vision,  touch,  and  hearing 
greatly  enhanced.  The  further  emphasizing  of  these  adaptations 
brought  the  primates  into  existence.  Among  the  prosimise  the  reduc- 
tion of  the  size  of  the  nose  in  one  group,  the  tarsioidea,  allows  the  eyes 
to  come  to  the  front  of  the  face  so  that  the  fields  of  vision  overlap. 
The  enormous  enhancement  of  the  importance  of  vision  which  is  thus 
effected  leads  to  the  sudden  expansion  of  the  cortical  area  for  vision 
and  its  further  specialization  in  structure.  The  sense  of  sight  now 
completely  supplants  that  of  smell  as  the  dominant  guide  to  the  animal, 
and  the  alteration  of  the  position  of  the  eyes  enables  the  animal  to  look 
forward,  both  in  the  literal  and  in  the  metaphorical  senses  of  the 
expression"   ([4],  p.  185). 

Brouwer  [1],  in  a  clinico-anatomical  investigation  of  the 
localization  of  the  cell  groups  comprising  the  oculomotor  nucleus  in 
man,  combined  with  a  phylogenetic  study  embracing  representatives 
of  many  orders,  has  been  able  to  deduce  certain  im])ortant  principles  of 
general  interest  relating  to  the  evolution  of  the  oculomotor  nucleus. 
The  changes  in  this  structure,  it  is  interestmg  to  note,  run  parallel 
with  those  already  referred  to  in  the  evolution  of  the  cortex.  The  most 
outstanding  deduction  concerns  the  relation  found  to  exist  between 
the  development  of  the  large-celled  median  nucleus  of  Perlia,  and  the 


THE    OCULOMOTOR    NUCLEUS    OF    TARSIUS   AND    NYCTICEBUS  39 

degree  of  approximation  of  the  two  eyes  to  one  another.  Brouwer's 
coQclusion  is,  that  these  cells  appear  phylogenetically  when  the 
position  of  the  eyes  in  the  head  is  such  as  to  render  convergence 
possible  (op.  cit.,  p.  181)).  This  point  is  in  itself  presumptive  evidence 
that  this  nucleus  sends  its  axones  to  the  internal  recti  muscles,  which 
efifect  the  convergence  developed  coincidently  with  the  appearance  of 
the  nucleus.  Recently  Zweig  [12]  has,  by  studying  other  animals 
than  those  chosen  by  Brouwer,  confirmed  the  general  truth  of  this 
statement. 

Brouwer's  series  suggested  further,  that  the  small-celled  Edinger- 
Westphal  nucleus,  though  forming  a  median  cell  group  in  lower 
forms  (e.g.,  marsupialia,  edentata,  rodentia,  carnivora),  becomes  split 
into  two  nuclei  in  the  anthropoidea. 

At  the  suggestion  of  Professor  Elliot  Smith  I  have  recently 
investigated  the  relationship  of  the  oculomotor  nucleus  to  the  median 
plane  in  two  important  and  not  distantly  related  prosimiae,  the  spectral 
tarsier,  Tarsius  spectrum,  and  the  slow  loris,  Nycticebus  tardigradus, 
in  order  to  correlate  the  structure  of  the  oculomotor  nucleus  with  the 
cortical  development.  The  material  consisted  of  two  specimens  of 
tarsius  and  one  of  nycticebus  which  were  stained  in  paracarmine. 
One  of  the  tarsius  specimens  was  cut  in  horizontal  serial  sections. 
The  remaining  tarsius  brain-stem  and  the  nycticebus  specimen  were 
cut  in  transverse  series.  It  is  a  pleasure  to  record  my  thanks  to 
Professor  Elliot  Smith  not  only  for  this  material,  but  for  the  suggestion 
to  undertake  the  work  and  for  his  assistance  throughout  the  research. 

The  Oculomotor  Nucleus  of  Tarsius  spectrum. 

As  would  be  expected  from  an  examination  of  the  size  of  the  eyes 
the  visual  connections  in  tarsius  are  extremely  large.  Fig.  1  shows  the 
optic  chiasma,  optic  tracts  and  lateral  geniculate  body,  and  the  dorsal 
view  (fig.  2)  illustrates  the  enormous  size  of  the  superior  coUiculus. 

An  examination  of  the  oculomotor  nucleus  in  the  sections  shows 
that  the  large-celled  and  small-celled  moieties  may  be  clearly 
differentiated  the  one  from  the  other.  The  large  cells  form  two 
prominent  groups  on  each  side  of  the  median  plane  (fig.  3).  Lying 
between  these  main  groups  are  many  large  cells  situated  ventrally, 
which  are  scattered  over  an  area  including  the  median  plane  (figs.  3 
and  4).  These  cells  form  the  central  nucleus  of  Perlia.  Though  clearly 
present  this  group  has  not  the  great  development  found  in  the  higher 
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apes  and  man,  where  the  Perlia  nucleus  not  only  connects  together  the 
two  lateral  nuclei  but  extends  cranially  in  the  median  plane  between 
and  separate  from  these  groups  (c.f.  Brouwer's  figures  reproduced 
in  fig.  7). 
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Fig.  1. — Ventral  aspect  of  part  of  the  brain  of  tarsius. 

Column  of  fornix 

Habenula 
-Thalamus 


_  Corpus 
qeniculatum 
laterals 

C.g.mediale 

CoUiculus 
superior 

Fig.  2 — Dorsal  aspect  of  mid-brain  and  thalamus  of  tarsius. 

The  smaller  cells  of  the  oculomotor  nucleus  form  a  separate  nuclear 
mass  which  lies  dorsal  to  the  cranial  half  of  the  large-celled  groups. 
They  stretch  across  the  median  plane,   so  that  the  division  into  right 
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and  left  portions,  which  is  to  be  seen  in  the  ape  and  man  (fig.  7)  is 
absent  in  tarsius,  although  the  cells  extend  to  a  considerable  distance 
on  each  side  dorsal  to  the  position  occupied  by  the  lateral  groups  of 
large  cells  (fig.  3). 
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Fig.  3. — Series  of  transverse  sections  of  oculomotor  nucleus  of  tarsius  :  (a)  Ci-anial  end  ; 
(b)  middle :  (c)  posterior  end.  (1,  lateral  nucleus ;  2,  nucleus  of  convergence  '; 
3,  Edinger-Westphal  nucleus.) 

The  Oculomotor  Nucleus  of  Ntcticebus. 
In  this  larger  brain  the  relationship  of  the  cell  groups  to  the  median 
plane  is  revealed  with  diagrammatic  clearness.    The  large-celled  central 
nucleus  of  Perlia  is  beautifully  defined  (fig.  5). 
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The  relationships  of  this  nucleus  are  essentially  those  found  in 
tarsius ;  it  does  not  attain  to  the  dimensions  found  in  the  higher  apes 
and  man.  The  small  cells,  as  in  tarsius,  here  also  form  a  single  group 
which  occupies  the  median  line.     The  illustration  (fig.  6)  clearly  shows 
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Fio.  4. — Horizoutal  section  of  oculomotor  nucleus  of  tarsius.     (1,  lateral  nucleus; 
2,  nucleus  of  convergence  ;  3,  Edinger-Westphal  nucleus.) 

the  criteria  to  be  relied  upon  in  the  differentiation  of  these  cells 
from  the  remaining  groups  of  the  oculomotor  nucleus.  The  Edinger- 
Westphal  cells  are  smaller  and  less  intensely  strained  than  the  other  cells, 
and  lie  closer  to  the  aqueduct  of  Sylvius  (cp.  Brouwer,  op.  cit.,  p.  171). 
They  are  also  less  distinctly  multipolar  than  the  large  cells  and,  as  in 
tarsius,  they  lie  dorsal  to  the  cranial  part  of  the  large-celled  nucleus. 
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Discussion. 

The  reduction  of  the  face  has  occurred  to  such  an  extent  in  both 
nycticebus  and  tarsius  that  the  eyes  have  l^ecome  approximated  to 
one  another  and  the  fields  of  vision  of  the  two  eyes  overlap.  This 
reduction  of  the  face  vv'ould  also  render  convergence  possible,  and  in 
support  of  the  contentions  of  Brouwer  the  central  nucleus  of  Perlia 
is  to  be  found  in  both  these  forms.  The  scheme,  which  has  been 
constructed  (fig.  7)  to  include  the  oculomotor  nucleus  of  these  animals, 
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Fig.  5.  Fig.  G. 

Fig.  5. — Photograph  of  nucleus  of  Perlia  in  nycticebus.    The  slits  indicate  the  median  plane. 

Fig.    6. — Edinger-Westphal   nucleus   of    nycticebus.      The   slit    indicates   the   site   of    the 

median  plane. 

clearly  demonstrates  the  truth  of  this  relationship.  The  variations 
of  the  small-celled  group  are  also  shown  in  this  scheme,  but  the 
interpretation  of  the  results  presents  grave  difficulties.  The  all- 
important  question  of  the  function  of  this  group  is  still  )<uh  judlce, 
and  is  at  present  the  subject  of  investigation  on  the  part  of  the  Dutch 
neurological  schools.  Moreover,  Zweig  [12]  has  shown  that  the 
grouping  of  these  cells  is  not  so  simple  as  has  been  supposed. 
If  the  view  of  Bernheimer  were  correct,  that  these  cells  control  the 
ciliary  muscle  and  sphincter  action  of  the  pupil,  the  scheme  drawn 
up  wO'Uld  suggest  that  the  grouping  of  the  small  cells  has  a  definite 
relationship  to  the  development  of  increased  powers  of  accommodation. 
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In  all  forms  below  the  monkeys,  as  the  present  investigation  confirms, 
the  Edinger-Westphal  group  is  a  median  nucleus.  The  bilateral 
arrangement  of  these  small  cells  in  higher  forms  suggests  that  the 
division  into  right  and  left  parts  is  to  be  associated  with  the  develop- 
ment of  the  power  of  accommodation  of  the  two  eyes  so  that  they  may 
independently  focus  a  given  object,  even  if  it  is  not  equidistant  from 
the  two  eyes,  upon  corresponding  points  of  the  two  retinae.  If  this 
explanation  proves  to  be  correct  as  the  result  of  further  investigation 
upon    the    function    of    the    Edinger-Westphal    nucleus,    tarsius    and 
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Fig.  7. — Scheme  of  oculomotor  nuclei  in  various  mammals,  all  except  tarsius  after  Brouwer. 
Nycticebus  would  occupy  a  position  immediately  below  tarsius.  (Edinger-Westphal 
nucleus  is  represented  in  black;  nucleus  of  convergence  is  stippled.) 


nycticebus  must  be  placed  below  the  monkeys  in  the  scheme  illustrating 
phylogenetic  phases  of  development  of  the  oculomotor  nucleus  (fig.  7). 
The  size  of  the  nucleus  of  convergence  is  in  harmony  with  this 
conclusion,  for  it  is  much  smaller  than  is  the  case  in  the  higher 
apes  and  man. 

Fortunately,  however,  this  is  not  the  only  evidence  which  is  to  be 
relied  upon  in  this  case.  In  tarsius,  in  which  the  visual  apparatus  has 
attained  a  much  greater  degree  of  development  than  in  nycticebus,  no 
macula  lutea  is  to  be  found.  Elliot  Smith  [4]  records  that  Le  Gros 
Clark,  while  cautiously  refraining  from  denying  its  presence,  has  been 
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unable  to  locate  a  macula  lutea  either  by  the  ophthalmoscope  in  the 
living  animal  or  by  direct  examination  of  the  retina  after  opening  the 
eye  in  the  dead ;  and  also  that  Woollard  has  failed  to  identify  it  in 
microscopic  preparations.  These  investigations  "  make  it  practically 
certain  that  in  tarsms  the  distinctive  feature  of  the  retina  of  the  anthro- 
poidea  (among  mammals)  is  lacking.  In  this  respect  tarsius  agrees 
v^ith  the  lemurs  and  differs  from  all  monkeys  "  (op.  cit,  p.  185). 

Moreover,  Woollard  in  an  examination  of  the  optic  tract  could  not 
find  non-decussating  fibres  (op.  cit.,  p.  185).  Only  degeneration  experi- 
ments, v^^hich  are  in  this  instance  impossible  to  carry  out,  can  provide 
definite  evidence  on  this  point.  It  is  likely,  however,  from  the  evidence 
available,  that  the  crossing  fibres  are  comparatively  few  compared 
with  their  number  in  higher  forms.  Wilfred  Harris  [5]  believes  that 
the  acquisition  of  the  power  of  conjugate  deviation  of  the  eyes  and  the 
development  of  the  semi-decussation  of  the  optic  tract  synchronize  with 
one  another.  Examination  of  the  movements  of  the  eyes  of  animals 
and  an  investigation  by  degeneration  methods  of  the  proportion  of 
crossed  to  direct  fibres  in  the  optic  tract,  has  convinced  him  that  the 
eyes  must  be  yoked  together  and  isolated  movements  must  be  in 
abeyance  in  order  to  produce  stereoscopic  vision.  The  evidence  set 
forth  in  this  paper  shows  that  changes  have  been  effected  in  the  oculo- 
motor nucleus  which  are  associated  with  the  development  of  binocular 
vision.  But  the  structure  of  the  nucleus  combined  with  the  evidence 
recorded  regarding  the  absence  of  the  macula  lutea,  and  the  probability 
that  relatively  few  fibres  fail  to  decussate  in  the  optic  chiasma,  would 
suggest  that  tarsius  has  not  attained  the  stereoscopic  vision  which  is 
possessed  by  apes  and  man.  This  conclusion  harmonizes  with  that  of 
Treacher  Collins  [9],  who  in  his  Bowman  Lecture  points  out  that 
"  no  mammals  below  monkeys  have  a  capacity  of  distinguishing  detail 
such  as  IS  associated  with  the  presence  of  a  fovea  centralis,"  although 
there  is  evidence  to  show  "  that  in  the  carnivora  there  is  an  area 
centralis  in  the  retina  more  acutely  sensitive  to  form  than  the  peri- 
phery "  (p.  29),  In  summarizing  the  stages  of  progressive  development 
of  binocular  vision.  Parsons  [7]  refers  to  the  evidence  of  Harris 
(op.  cit.)  on  this  point,  and  concludes  that  it  seems  probable  that  the  cat 
has  stereoscopic  vision,  and  that  this  is  associated  with  the  prehension 
of  the  prey  by  the  fore-limbs"  (p.  107).  Be  that  as  it  may,  there  can 
be  no  doubt  that  in  monkeys,  as  Parsons  also  states,  a  distinct  advance 
is  made  on  lower  forms,  as  is  shown  by  the  greater  range  and  variety  of 
conjugate  movements  of  the  eye   and   by   the  development  of  a  true 
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fovea.     It  is  certain  that  this  stage  of  development  is  not  attained  by 
tarsius  and  nycticebus. 

It  is  interesting  to  note  that  Kiddoch  [8]  has  brought  forward 
clinical  evidence  which  illustrates  the  true  nature  of  stereoscopic  as 
compared  with  binocular  vision.  Riddoch's  patient  was  unable  to 
localize  the  distance  of  an  object  from  him,  and  he  could  not  appreciate 
the  depth  and  thickness  of  objects  notwithstanding  a  perfect  conscious- 
ness of  light  and  shade  (p.  47).  Riddoch  (op.  cit.,  p.  18)  has  also  shown 
that  in  recovery  of  vision  after  occipital  lobe  lesions  perception  of 
movement  precedes  that  of  the  moving  object,  and  that  the  recovery 
of  movement  vision  begins  at  the  periphery.  These  conditions  pro- 
bably represent  reversions  to  phylogenetic  phases  in  the  evolution  of 
visual  perception.  The  phases  of  development  have  been  called  pano- 
ramic, binocular,  and  stereoscopic  respectively  ;  but  it  nmst  always  be 
borne  in  mind  that  one  merges  into  the  other.  In  the  transition  from 
panoramic  to  binocular  vision  recession  of  the  face  with  consequent 
development  of  the  power  of  convergence  is  the  main  factor.  The 
attainment  of  stereoscopic  vision  is  accompanied  by  the  development  of 
an  increased  range  and  variety  of  the  conjugate  movement  of  the  eyes, 
and  by  the  development  of  a  macula  lutea  in  which  each  foveal  cone 
becomes  connected  with  a  single  bipolar  cell  which  raises  discrimi- 
native capacity  (Parsons,  p.  109).  It  must  not  be  forgotten  that  the 
increased  usefulness  of  the  hands  would  contribute  materially  to  visual 
experience  in  regard  to  the  estimation  of  size  and  shape.  Moreover 
increased  skill  in  handling  small  objects  must  be  accompanied  by  the 
development  of  considerable  acuity  of  vision.  Nycticebus,  like  the 
lemurs  (Treacher  Collins,  op.  cit.,  p.  43),  has  probably  not  developed 
a  fovea  centralis  because  it  makes  use  of  its  mouth  in  grasping  its  food 
to  a  much  greater  extent  than  monkeys  (Wood  Jones  [10],  p.  87), 
or  perhaps  it  would  be  more  logically  expressed  by  the  statement  that 
it  uses  its  mouth  because  it  has  not  yet  acquired  sufficiently  exact  visual 
control  to  guide  its  hands  wath  precision.  Tarsius  makes  more  use  of 
its  hands,  but  the  lack  of  extensive  conjugate  movements  of  the  eyes 
has  to  a  considerable  extent  been  made  good  by  the  increased  range  of 
movement  of  the  head.  This  substitution  of  a  gross  movement  of  the 
eyes  and  head  for  the  delicately  co-ordinated  conjugate  movements  of 
the  eyeballs  has  probably  been  a  factor  in  retarding  the  development 
of  acute  form-sense  in  tarsius.  In  other  respects  tarsius  exhibits  "  an 
over-development  of  and  an  exaggerated  reliance  upon  those  specializa- 
tions of  vision  and  its  cerebral  instruments  which  were  responsible  for 
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the  d  ifferentiation  of  the  tarsioidea  from  the  lemuroidea  and  gave 
impetus  to  those  developments  which  produced  the  anthropoidea  from 
one  of  the  tarsioid  famihes  "  (Elhot  Smith  [3],  p.  466).  In  becoming 
a  nocturnal  animal  to  secure  its  safety  tarsius  lost  all  opportunity  of 
developing  the  specialized  area  at  the  fovea  consisting  of  a  close 
congregation  of  cones,  the  threshold  response  of  which  is  high.  It 
seems  probable  that  the  central  stock  leading  to  the  anthropoidea 
attained  its  supremacy  because,  as  the  nose  receded  and  binocular 
vision  with  convergence  was  developed,  it  acquired  synchronously  and 
in  due  proportion  movements  of  the  head  and  conjugate  movements  of 
the  eyes  (to  increase  the  range  of  vision  which  would  otherwise  be  less 
in  the  binocular  than  in  the  panoramic  stage),  and  an  increased  range 
of  movement  of  the  fore-limbs. 

Summary. 

The  oculomotor  nuclei  of  Tarsius  spectrum  and  Nycticebus  tardi- 
gradus  exhibit  the  presence  of  a  central  nucleus  of  Perlia  which  is 
smaller  than  m  the  anthropoidea.  The  presence  of  this  nucleus  in 
these  forms  accords  with  the  conclusion  of  Brouwer  that  the  median 
large-celled  nucleus  appears  phylogentically  when  the  recession  of  the 
face  allows  the  approximation  and  consequent  convergence  of  the  eyes. 
The  Edinger-Westphal  nucleus  is  in  each  case  a  single  nucleus  lying 
dorsal  to  the  large-celled  groups  in  the  median  plane  and  extending 
laterally  from  it.  In  the  anthropoidea  this  nucleus  is  bilateral  (Brouwer), 
and  following  Bernheimer's  theory  as  to  the  function  of  these  cells,  it  is 
suggested  that  the  power  of  independently  focusing  an  object  on  corre- 
sponding points  of  the  retinae,  although  the  object  is  not  equidistant 
from  the  two  eyes,  is  to  be  associated  with  this  bilateral  arrangement. 
The  evidence  to  show  that  a  macula  lutea  is  absent  in  tarsius  is  set 
forth  (Elliot  Smith,  Le  Gros  Clark,  Woollard),  and  it  is  also  concluded 
that  relatively  few  optic  fibres  fail  to  cross  in  the  optic  chiasma.  These 
differences  from  the  anthropoidea  are  believed  to  indicate  the  possession 
by  tarsius  of  a  less  acute  form  sense  than  in  higher  forms,  i.e.,  stereo- 
scopic vision  has  not  yet  been  properly  attained. 
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Introduction. 

The  nature  of  the  infecting  agent  in  encephalitis  lethargica  is  still 
a  matter  of  interest,  though  much  work  has  been  done  towards  the 
solution  of  the  problem 

These  investigations  have  also  thrown  considerable  light  on  the 
aetiology  of  many  other  infectious  diseases. 

The  first  researches  on  the  aetiology  of  encephalitis  lethargica 
(Wiesner,  Bernhard)  are  now  of  historical  interest  only.  They  attributed 
it  to  the  virus  of  influenza,  especially  the  polymorphous  diplostrepto- 
coccus.  It  was  proved  afterwards  that  the  astiology  of  these  two 
diseases  is  different,  and  that  this  micro-organism  is  found  in  mixed 
infections  only.  Wiesner  inoculated  a  monkey  with  positive  result, 
but  it  was  due  to  an  acute  non-specific  infection. 

Strauss,  Hirschfeld  and  Loewe  undertook  research  work  on  a  larger 
scale.  They  inoculated  monkeys  and  rabbits  intracerebrally,  using 
the  emulsified  brain  substance  from  fatal  cases  of  the  disease,  the 
discharge  from  the  nasopharynx,  and  the  cerebrospinal  fluid.  They 
produced  constant  and  specific  lesions  in  the  brain,  and  they  also 
found  this  infective  when  injected  into  other  animals.  By  this  means 
they  were  able  to  get  a  series  of  passages.  Bacteriological  examina- 
tion did  not  reveal  any  micro-organism,  and  the  brain  emulsion 
did  not  lose  its  virulence  by  passing  through  a  porcelain  filter. 
They  thus  discovered  that  the  virus  is  a  filtrable  one,  and  belongs  to 
the  ultramicroscopic  group.  They  succeeded  later  in  growing,  under 
anaerobic  conditions  on  a  transudate,  very  small  round  bodies  which 
stained  with  the  greatest  difficulty  by  Giemsa  stain.  These  when 
injected  into  a  rabbit  caused  a  specific  infection  ;  with  these  cultures 
they  obtained  a  high  percentage  of  positive  results. 

European  investigators  have  been  less  fortunate,  but  Mcintosh 
and  TurnbuU  inoculated  a  monkey  subdurally  with  an   infected  brain 
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emulsion  with  a   positive  result ;  when   the  monkey  died   two  months 
later  there  were  typical  changes  in  its  nervous  system. 

The  experimental  difficulties  in  research  work  on  this  subject  were 
first  shown  by  Levaditi  [2].  He  made  thirty  inoculations  into  the 
brain  and  peritoneum  of  nineteen  rabbits,  thirteen  monkeys  and 
eight  guinea-pigs.  The  infecting  material  was  taken  from  sixteen 
cases  proved  clinically  and  by  microscopic  examination  to  suffer  from 
the  disease.  Brain  emulsion  was  inoculated  ten  times,  blood  three 
times,  cerebrospinal  fluid  twice,  saliva  once  and  discharge  from  the 
nasopharynx  once.  The  whole  series  of  experiments  produced  only 
two  positive  results  and  one  doubtful  one.  Levaditi  concluded  that  it 
was  difficult  to  reproduce  the  disease  of  the  Paris  epidemic  of  1919-20 
by  inoculation  into  the  rabbit  and  monkey,  and  that  the  virus  was 
located  in  the  nervous  system. 

Doerr  [1]  was  unsuccessful  in  his  first  experiments.  "  The  in- 
fecting material  from  eleven  cases  was  inoculated  into  sixteen  rabbits, 
four  guinea-pigs,  two  mice  and  five  cats  without  any  result.  Only  the 
twelfth  experiment,  in  which  the  cerebrospinal  fluid  was  inoculated  into 
a  rabbit  under  the  dura  mater,  gave  a  positive  result. 

Kling  in  Sweden  and  Ottolenghi  in  Italy  worked  on  a  much  smaller 
scale.  They  confirmed  the  researches  of  Levaditi.  Doerr  and  all  other 
authors  agree  that  the  virus  of  lethargic  encephalitis  is  a  filtrable  one, 
and  that  all  attempts  at  culture  have  been  hitherto  unsuccessful. 

The  virus  is  inoculable  in  laboratory  animals,  especially  monkeys 
and  rabbits,  not  always  with  the  same  ease.  In  some  epidemics  a 
higher  percentage  of  positive  results  is  obtained  than  in  others.  This  is 
proved  by  the  different  rate  of  mortality  and  the  clinical  symptoms  of 
the  infected  animals,  as  we  shall  see  in  the  second  part  of  this  paper. 
The  specific  pathological  lesions  are  found  in  all  the  inoculated  animals. 
The  virus  is  easily  preserved  in  glycerin,  but  is  destroyed  by  bile,  dis- 
infectants and  by  heating.  The  result  of  inoculation  depends  on  the 
route  by  which  the  infected  material  is  introduced  ;  the  best  method 
is  inoculation  into  the  cornea  or  under  the  dura  mater.  Intravenous, 
intraperitoneal  and  subcutaneous  inoculations  generally  give  negative 
results. 

It  is  a  curious  fact  that  inoculation  into  the  testicle  causes 
no  local  changes  here,  although  the  virus  remains  potent  for  some 
time  (Levaditi). 

From  our  researches  we  have  come  to  the  same  conclusions  as 
Levacliti  and  Doerr.     No  matter  in   what  way  the  virus  is  introduced 
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into  the  animal,  it  always  becomes  localized  in  the  central  nervous 
system,  travelling  to  it  along  the  nerve  trunks.  This  was  proved  by 
Levaditi,  who  inoculated  a  rabbit  in  the  eye;  twenty-four  hours  after 
inoculation  the  optic  nerve  was  found  to  be  infected,  though  the  watery 
discharge  from  the  eye  was  already  sterile.  The  blood  and  internal 
organs  do  not  contain  the  virus,  except  the  liver  where  we  found 
specific  changes,  but  our  work  on  this  matter  is  not  yet  completed. 

Important  contributions  to  the  aetiology  of  encephalitis  lethargica 
have  been  made  by  researches  on  herpes  febrilis.  These  were  begun 
by  Loewenstern  in  1914,  continued  by  Blanc  and  his  fellow  workers, 
and  by  Doerr  and  Levaditi.  The  results  of  their  work  may  be  briefly 
summarized   as  follows  : — 

The  vesicles  of  herpes   febrilis  contain  a  filtrable  virus,  infectious  to 
the    rabbit    and    in    a    lesser    degree    to    the    guinea-pig    and    mouse. 
Scratching  the   cornea  of    a  rabbit    with  a  scalpel    infected  with  the 
contents  of  a  herpetic  vesicle   produces  along   the   scratch  a  series  of 
typical  vesicles,  accompanied  by  a  conjunctivitis  and  a  thick  profuse 
discharge.     According    to   the  intensity  of  the  inflammation  this  may 
result  in  a  slight  opacity  of  the  cornea,  or  in  the  loss  of  the  eye.     The 
virus    can    be    transferred  from    cornea    to   cornea.     No    other    micro- 
organisms are  found  in  the  discharge  from  the  conjunctival  sac.      The 
diluted  discharge  passed  through  a  porcelain  filter  retains  its  infectivity, 
and   when  inoculated   into  the  brain  of  a  rabbit  it  produces   all  the 
symptoms  of  lethargic  encephalitis  and  leads  invariably  to  the  death 
of  the  animal.    Its  virulence  can  be  kept  up  through  a  series  of  passages. 
It  is  an  interesting  fact  that  the  contents  of  herpetic  vesicles  occurring 
in  various  febrile  diseases,  as  herpes  genitalis  and  herpes  zoster,  produce 
the  same  changes  in  the  rabbit.    Consequently  the  viruses  of  encephalitis 
lethargica  and  of  herpes  febrilis  are  closely  related,  if   not   identical. 
The  contents  of  a  herpetic   vesicle  introduced  under  the   dura  mater 
cause    specific    changes  in   the  brain,   and  a   brain  emulsion  from  an 
infected    rabbit    produces    identical    changes  in  the  cornea.      In  both 
instances    a    series    of    passages    is  easily  obtained.       The   brain  of  a 
rabbit    infected    from  a  herpetic    vesicle    retains    its    virulence    when 
preserved    in   glycerin,    but    this    is  destroyed   by    carbolic    acid   and 
bile,  and  by  heat.    Beciprocal  immunity  was  obtained  with  both  viruses, 
inoculation   of  the   cornea  with  the   contents  of  a  vesicle  from  febrile 
herpes  making  the  rabbit  immune  to  an  intradural  inoculation  of  the 
virus  of  encephalitis  lethargica,  and  vice  versa. 

The  close  relation  of  these  viruses  to  each  other  is  &hown  by  the 


ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

result  of  inoculation  of  a  rabbit  with  the  saliva  of  a  patient  convalescent 
from  encephalitis  lethargica.  Levaditi  found  that  this  produces  typical 
changes  in  the  rabbit.  Later,  however,  it  was  discovered  that  the 
saliva  of  fifty  per  cent,  of  normal  people  is  capable  of  producing  the 
same  changes.  A  rabbit  inoculated  with  the  saliva  becomes  immune 
to  the  inoculation  of  the  virus  of  encephalitis  lethargica. 

From  these  facts  Levaditi  draws  far-going  conclusions.  He  considers 
that  persons  capable  of  infecting  rabbits  with  their  saliva  are  carriers 
of  encephalitis  lethargica,  or  convalescent  from  it. 

Doerr  takes  a  much  simpler  view  ;  he  believes  that  normal  human 
saliva  may  contain  the  virus  of  herpes  febrilis,  and  that  when  this 
is  so  the  persons  are  carriers  of  the  herpetic  not  of  the  encephalitic 
virus. 

In  spite  of  difference  in  the  interpretation  of  certain  points  different 
observers  on  the  whole  agree  on  the  fundamental  facts.  They  agree 
that  there  exists  a  virus  or  a  series  of  viruses  closely  related  to  one 
another,  the  inoculation  of  which  causes  identical  changes  in  the  rabbit. 
They  are  all  filtrable,  easily  preserved  in  glycerin,  easily  destroyed  by 
bile  and  other  agents,  show  a  special  affinity  for  the  brain  and  skin,  and 
are  able  to  produce  cross-immunity. 

It  is  curious  that  these  two  viruses  so  closely  related  to  each 
other  show  such  a  great  difference  in  affecting  man,  sometimes  pro- 
ducing encephalitis  lethargica,  more  often  herpes  febrilis.  Doerr 
thinks  that  this  may  be  due  to  a  difference  in  virulence. 

Levaditi  has  attempted  to  classify  these  filtrable  viruses  with  a 
special  affinity  to  tissues  of  ectodermal  origin,  especially  to  the  brain, 
as  ectodermic  neurotropes.  The  viruses  of  rabies,  small-pox  and 
acute  poliomyelitis  probably  belong  to  this  group.  They  differ  from 
each  other  by  the  symptoms  they  produce,  which  depends  on  the 
ectodermal  tissue  they  affect.  Their  common  characteristic  lies  in 
their  affinity  for  these  tissues  only. 

It  has  been  shown  that  the  small-pox  virus  when  inoculated  sub- 
durally  invariably  causes  death  of  the  animal.  By  a  series  of  passages 
its  virulence  can  be  mcreased,  till  such  a  virus  is  still  active  in  dilution 
of  1  in  1,000,000  after  passages  extending  over  nine  months  (Levaditi). 
The  virus  also  gives  a  definite  tissue-immunity  when  ihoculated  into  the 
rabbit  in  very  small  amounts.  The  blood  of  the  inoculated  animal 
contains  no  substance  that  can  neutralize  the  virus,  but  its  brain  when 
mixed  with  the  virus  neutralizes  it.  The  brain  of  an  immunized  rabbit 
inoculated  with  the  small-pox  speedily  destroys  the  virus  ;  two  hours 
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later  the  brain  contains  no  trace  of  the  virus,  but  the  brain  of  a  normal 
rabbit  inoculated  with  the  same  small-pox  virus  becomes  virulent  after 
twenty-four  hours,  that  is  to  say,  twenty-four  hours  is  required  for  the 
virus  to  develop  in  the  brain  of  a  rabbit.  These  facts  are  probably 
true  for  the  whole  group,  to  which  belong  the  virus  of  normal  saliva 
that  produces  specific  infections  when  inoculated  into  the  cornea,  the 
virus  of  herpes  febrilis  and  that  of  encephalitis  lethargica.  The  virus 
of  small-pox  causes  changes  in  the  skin  and  the  cornea,  and  affects  the 
brain  and  spinal  cord  too.  That  of  rabies  produces  no  specific  changes 
in  the  skin,  and  when  inoculated  into  the  cornea  excites  no  local  changes 
but  becomes  localized  in  the  brain  and  spinal  cord.  The  virus  of  acute 
poliomyelitis  cannot  be  inoculated  through  the  skin  or  cornea,  and  it 
produces  much  slighter  changes  in  the  mid-brain  and  hemispheres  than 
in  the  spinal  cord. 

There  are  other  infections  in  man  and  animals  related  to  herpes 
febrilis  and  encephalitis  lethargica,  the  causal  agents  of  which  are 
unknown.  As  an  example  we  may  mention  chicken-pox.  There  are 
clinical  observations  which  show  the  possibility  of  a  chicken-pox  epidemic 
originating  from  a  case  of  herpes  febrilis,  and  certain  experiments  prove 
that  the  cornea  of  a  rabbit  may  be  infected  by  the  contents  of  the 
chicken-pox  vesicles.  We  know  very  little  of  the  aetiology  of  mumps, 
but  Levaditi  thinks  its  virus  may  be  closely  related  to  that  of 
lethargic  encephalitis.  Foot-and-mouth  disease,  in  which  the  lesions 
are  limited  to  tissues  of  ectodermal  origin  and  very  similar  to  those 
of  herpes,  and  the  so-called  "  Bornasche-Krankheit  "  of  horses  which 
resembles  encephalitis  lethargica,  also  belong  to  the  same  group. 

There  are  a  few  points  of  theoretical  interest  to  which  we  would 
like  to  call  attention.  Calmette  and  Guerin  found  that  if  one  side  of  a 
rabbit  be  shaved  and  the  small-pox  virus  introduced  intravenously,  only 
the  shaved  side  develops  the  disease.  The  cause  of  this  is  unknown  ; 
according  to  Levaditi  there  is  after  shaving  an  intense  proliferation  of 
the  superficial  layers  of  the  skin  in  the  neighbourhood  of  the  hair 
follicles,  and  these  young  proliferating  epithelial  cells  are  a  suitable 
soil  on  which  the  small-pox  virus  may  develop.  It  was  shown  later 
that  small-pox  develops  easily  on  young  tissues  of  ectodermal  origin, 
as  cancerous  growths  of  mice  and  infectious  epithelial  tumours  of  fowls. 

The  aetiology  of  herpes  febrilis,  in  the  light  of  these  new  investi- 
gations, seemed  to  us  important  enough  to  warrant  further  experimental 
investigation. 

Herpes  febrilis  until  lately  was  regarded  as  an  innocent  infection 
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of  the  skin,  appearing  either  by  itself  or  associated  with  some  acute  or 
chronic  infectious  disease,  as  pneumonia,  acute  cerebrospinal  fever 
or  tabes  dorsalis,  but  we  know  now  that  it  is  capable  of  affecting 
seriously  the  nervous  system  of  the  rabbit  and  leading  to  its  death. 
Our  aim  has  been  to  determine  exactly  the  pathological  and  topo- 
graphical changes  caused  by  the  infection.  We  have  also  tried  to 
produce  in  rabbits  encephalitis  lethargica  in  order  to  compare,  from  the 
clinical  and  anatomical  points  of  view,  the  changes  caused  by  it  with 
those  due  to  herpes  febrilis. 

Encephalitis  Herpetica. 

The  infecting  material  was  obtained  from  idiopathic  herpes  and  from 
herpes  associated  with  cerebrospinal  fever  and  scrofulosis.  The 
inoculations  were  made  through  the  eye,  the  cornea  being  lightly 
scratched,  as  in  vaccination,  with  a  scalpel.  The  skin  of  the  patient 
suffering  from  herpes  was  cleaned  with  ether,  the  vesicles  pricked  and 
the  infective  material  carried  by  the  scalpel  to  the  damaged  cornea 
and  rubbed  in  with  some  flat  instrument.  Some  of  the  infective 
material  was  often  left  in  the  conjunctival  sac.  All  the  experiments 
gave  positive  results.  As  a  rule,  on  the  third  day  the  cornea  became 
opaque  and  a  thick  white  purulent  discharge  poured  from  the  eye. 
The  course  of  the  disease  was  either  acute  or  chronic. 

Acute  form.— The  general  symptoms  develop  five  or  seven  days  after 
inoculation  and  death  supervenes  within  a  few  hours. 

Rabbit  No.  9,  inoculated  on  March  3,  1922,  in  the  left  eye  with  the 
contents  of  a  vesicle  of  herpes  febrilis  from  a  case  of  cerebrospinal  fever. 
On  the  third  day  there  was  a  thick  purulent  discharge  from  the  left  eye  and 
some  from  the  right  eye  too.  A  week  later  the  animal  died  in  convulsions 
with  typical  circus  movements. 

In  the  chronic  form  the  symptoms  develop  slowly.  The  local  eye 
changes  diminish  gradually  and  after  a  few  days  the  animal  recovers 
completely  or  almost  so,  but  some  time  later  the  symptoms  reappear. 

Rabbit  No.  1,  inoculated  into  both  eyes  December  3,  1921,  with  the 
contents  of  a  herpetic  vesicle  from  the  ear  of  a  tubercular  child  ;  three  days 
later  vesicles  developed  on  both  eyes,  the  conjunctivae  were  swollen  and  a 
thick  purulent  discharge  poured  from  both  eyes,  the  bacteriological  examination 
of  which  proved  negative.  On  December  20  both  cornea  were  opaque  but  there 
were  no  vesicles.  The  left  fore  limb  was  paretic  and  in  running  the  animal 
deviated  towards  the  right.  Those  symptoms  disapj)eared  and  the  rabbit 
seemed  well  until  the  middle  of  January,   1922.      Its  temperature  was  not 
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raised.  On  January  15  temperature  rose  to  38° ;  the  head  was  turned  to  the 
right,  with  the  occiput  towards  the  left  shoulder,  and  this  forced  position  per- 
sisted in  spite  of  correction.  The  position  of  trunk  and  limbs  at  rest  was 
normal.  In  running  the  limbs  were  set  widely  apart,  the  animal  deviated 
towards  the  right,  fell  on  its  flank  and  rotated  on  its  longitudinal  axis.  Placed 
on  its  legs  the  head  oscillated  in  the  antero-posterior  plane,  and  there  was  a 
vertical  nystagmus  of  the  eyes.  It  frequently  ran  about  with  the  left  side  of  the 
muzzle  touching  the  floor,  and  the  right  side  turned  upwards.  This  condition 
persisted  for  two  weeks.  It  was  then  killed  by  a  blow  on  the  back.  An 
emulsion  of  its  brain  was  inoculated  into  another  rabbit. 

In  the  chronic  cases  the  animal  often  dies  without  apparent 
cause. 

Rabbit  No.  5,  inoculated  on  February  7,  1922,  with  the  contents  of  a 
herpetic  vesicle  from  a  case  of  cerebrospinal  fever,  did  not  show  any  general 
signs,  but  the  local  changes  in  the  eye  were  typical  of  herpetic  infection. 
The  animal  died  on  March  3,  1922.  Its  brain  showed  typical  anatomical 
lesions  of  tlie  ordinary  distribution. 

Inoculation  under  the  dura  mater. — The  same  clinical  picture  is 
obtained  bj'  subdural  inoculations  :  I  grm.  of  brain-tissue  from  the 
mid-brain  of  an  animal  dead  of  the  disease  was  emulsified  in  5  grm. 
of  normal  saline  and  03  grm.  injected  subdurally. 

Rabbit  No.  4  was  inoculated  under  the  dura  mater  with  a  brain  emulsion 
of  rabbit  No.  3  on  January  25,  1922.  General  symptoms,  as  stiffness  of  the 
jaw,  salivation,  circus  movements  and  convulsions,  appeared  six  days  later 
and  death  occurred  on  the  same  day. 

These  experiments  show  that  herpes,  whether  idiopathic  or  compli- 
cating cerebrospinal  fever,  is  an  infectious  disease  capable  of  being 
transmitted  by  corneal  or  subdural  inoculations  to  the  central  nervous 
system  of  rabbits,  and  the  brain  of  an  inoculated  animal  is  infective  to 
other  animals.  The  cerebral  changes  are  manifested  clinically  by  a 
series  of  nervous  symptoms,  as  unnatural  positions  of  the  head,  stereo- 
typed circus  movements  of  the  body,  profuse  salivation,  stiffness  of  the 
jaw,  convulsions  and  paresis.  Post-mortem  examination  of  the  brain 
always  reveals  pathological  changes,  which,  as  we  will  see  in  the  second 
part  of  our  work,  are  identical  with  those  due  to  encephalitis  lethargica. 

In  our  researches  we  have  dealt  only  with  idiopathic  herpes,  and  with 
herpes  complicating  cerebrospinal  fever  and  scrofulosis.  According  to 
Levaditi  and  Lipschutz,  the  same  results  are  obtained  with  herpes 
complicating  pneumonia  and  herpes  zoster.  Until  now  it  has  been 
thought  that    herpes   febrilis    was    a    special    reaction   of   the  skin    to 
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different  infections,  and  not  a  disease  sui  generis  ;  that  occurring 
in  cerebrospinal  fever  has  been  attributed  to  the  meningococcus,  which 
some  observers  claim  to  have  demonstrated  in  the  vesicles.  Recent 
investigations  must  make  us  revise  this  hypothesis. 

One  of  us  was  able  to  observe  two  cases  which  throw  some  light  on 
the  question.  One  patient,  a  boy  aged  7  years,  presented  all  the  signs  of 
cerebrospinal  fever,  viz.,  headache,  vomiting,  stiff  neck,  dilated  pupils, 
Kernig's  sign,  high  temperature  with  remissions  during  the  day,  and  a 
profuse  herpetic  eruption  beginning  on  the  third  day  of  the  disease. 
A  lumbar  puncture  did  not,  however,  confirm  the  diagnosis.  No  other 
disease  was  found  in  the  internal  organs.  Seven  days  later  the  boy 
recovered.  In  this  case  the  general  symptoms  seem  to  have  been  due 
to  the  herpetic  infection.  The  other  case  was  a  woman,  aged  30, 
who  came  to  the  out-patient  department  complaining  of  intense  head- 
ache, vomiting,  sore  throat  and  shivering,  of  three  days'  duration. 
On  the  second  day  of  the  disease  she  complained  of  giddiness  and  felt 
sleepy.  Clinical  examination  revealed  a  sore  throat,  enlarged  tonsils 
and  a  profuse  herpetic  eruption  on  the  lips,  which,  according  to  the 
patient,  appeared  on  the  third  day  of  the  disease.  The  course  of  the 
disease  was  benign.  It  seems  to  us  that  the  sleepiness,  vomiting 
and  giddiness  were  not  simple  manifestations  of  the  angina,  and  that 
the  herpetic  eruption  played  here  an  important  role. 

We  find  in  the  literature  descriptions  of  febris  herpetica  which  differ 
from  our  cases  in  the  fact  that  the  eruption  appeared  after  the  fall  of 
the  temperature. 

Our  researches  on  encephalitis  lethargica  confirm,  on  the  whole, 
the  observations  of  Levaditi  and  iJoerr,  with  some  slight  differences. 
Doerr  thinks  that  animals  inoculated  through  the  cornea  develop  the 
disease  more  slowly  and  die  two  to  four  days  after  the  appearance  of 
the  first  symptom,  while  in  animals  inoculated  under  the  dura  mater 
death  occurs  in  twenty-four  to  thirty-six  hours  after  the  appearance 
of  symptoms.  This  statement  was  not  confirmed  by  us.  We  did 
not  find  any  difference  in  the  clinical  course  of  the  disease  in  animals 
inoculated  through  the  cornea  or  subdurally.  The  susceptibility  of 
the  animal  seems  to  be  more  important ;  in  small  animals  and  albinos 
the  disease  often  runs  a  very  acute  course. 

Rabbit  No.  6,  an  albino,  600  grm.  in  weight,  was  inoculated  on  March  11, 
1922,  under  the  dura  mater  with  a  brain  emulsion  of  rabbit  No.  2,  which  had 
been  infected  with  the  contents  of  a  herpetic  vesicle  by  the  cornea.  It  died  on 
the  third  day  without  showing  symptoms.      The   post-mortem    examination 
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showed  typical  changes  in  the  brain,  from  wliich  we  concluded  that  death  was 
due  to  the  specific  infection. 

Encephalitis  Lethargica  (Epidemica). 

We  employed  as  infective  material  cerebrospinal  fluid  and  discharge 
from  the  nasopharynx  of  cases  suffering  with  encephalitis  lethargica, 
and  emulsions  of  the  brains  of  patients  dead  of  this  disease.  The 
infective  material  was  introduced  into  the  eye,  and  under  the  dura 
mater  of  the  brain  or  of  the  spinal  cord. 

Fifty-five  inoculations  gave  eighteen  positive  results  (33  per  cent.)  ; 
that  is  to  say,  these  animals  developed  clinical  symptoms  and  died. 
With  the  cerebrospinal  fluid  of  one  case  twelve  rabbits  were  inoculated. 

The  patient,  a  man,  aged  48  years,  became  ill  in  April,  1922.  At  first  he 
complained  of  general  malaise  and  anorexia.  On  the  third  day  myoclonic 
movements  of  the  lips  and  lower  limbs  developed.  He  became  excited  and 
anxious,  and  on  the  sixth  day  sleepless  by  night  and  day.  Bowels  and  bladder 
acted  with  difficulty.  He  was  admitted  into  hospital  on  the  tenth  day  of  the 
illness.  There  was  ptosis  of  both  eyes,  more  marked  on  the  right  side  ; 
the  reactions  of  the  pupils  to  light  and  accommodation  were  diminished,  the 
ocular  movements  were  limited  and  the  patient  was  excited  and  wandered. 
Occasionally  he  could  be  roused  and  then  seemed  more  conscious  of  his 
surroundings,  but  he  was  less  oriented  as  regards  time.  His  face  was  mask- 
like, skin  glossy,  and  there  were  myoclonic  movements  of  his  lips,  nostrils 
and  neck.  Temperature  w^as  slightly  raised,  pulse  120,  respiration  42.  Urine 
contained  02  per  cent,  of  albumin.  The  cerebrospinal  fluid  was  clear,  globulin 
reaction  negative,  but  the  Pandy,  Weichbrodt  and  Targowla  reactions  were 
positive;  albumin  0'16  per  cent.,  sugar  0'7  per  cent.,  and  16  cells  per  1  c.mm. 

Rabbits  21a  and  21b  were  inoculated  in  the  usual  manner  into  the 
cornea  with  the  cerebrospinal  fluid  of  this  patient,  and  on  the  following 
day  the  second  eye  of  each  rabbit  was  inoculated  with  discharge  from 
his  nasopharynx.  Three  weeks  later  both  rabbits  appeared  quite  well, 
their  temperatures  were  normal  and  no  changes  developed  in  the  eyes, 
except  a  small  white  spot  on  the  left  eye  of  rabbit  21a,  which  had  been 
infected  with  the  nasopharyngeal  discharge.  On  May  15,  twenty-six  days 
after  inoculation,  rabbit  21a  showed  definite  symptoms,  as  retraction  of 
the  head,  profuse  salivation  and  seizures  in  which  the  hind  limbs 
were  extended  and  the  fore  limbs  and  the  muscles  of  the  muzzle 
convulsed.  These  attacks  usually  lasted  a  few  minutes  and  after  them 
the  animal  ran  about  in  circus  movements  to  the  left.  Between  the 
attacks  the  animal  seemed  dazed,  and  when  immobile  stood  with  its 
fore  limbs  widely  apart.     When   running  in  a  straight  line  it  failed 
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to  avoid  obstacles,  and  often  hurt  its  muzzle  against  the  wall.  The 
animal  died  eighteen  hours  later.  Macroscopically  the  brain  showed 
some  congestion,  and  microscopically  marked  inflammatory  and 
degenerative  changes,  which  will  be  described  later,  were  found  in  it. 

After  the  death  of  this  patient  a  brain  emulsion  of  the  grey  matter 
of  the  mid-brain,  obtained  under  strict  aseptic  conditions,  was  inoculated 
into  the  cornea  and  under  the  dura  mater  of  six  rabbits.  Five  animals 
died,  one  four  days  after  the  inoculation  without  showing  any  clinical 
symptoms.  Rabbit  No.  25  died  two  weeks  after  the  inoculation  under 
the  dura  mater  For  twelve  days  it  seemed  well,  but  then  the  tempera- 
ture rose  to  39^  for  three  days,  and  the  animal  became  dazed,  immobile, 
and  lay  with  its  back  arched.  Three  days  later  the  temperature  fell  to 
35^  and  the  animal  died.  Rabbits  21  and  26  died  three  weeks  later 
without  developing  clinical  symptoms,  and  the  fifth  rabbit  died  a  month 
after  inoculation  without  clinical  symptoms  too.  In  all  five  rabbits  there 
was  marked  meningitis  and  inflammation  of  the  nervous  tissues.  The 
sixth  rabbit  remained  well,  but  when  killed  six  months  later  its  nervous 
system  showed  marked  inflammatory  scarring,  which  will  be  described 
later. 

This  group  of  observations  shows  how  very  difficult  it  is  to  determine 
the  inoculation  period,  and  even  to  prove  clinically  that  the  infection  had 
taken  place.  The  disease  may  run  a  most  acute  course  to  a  fatal 
termination  within  four  days,  or  may  end  in  recovery  after  a  protracted 
course.  It  may  be  said  that  on  the  whole  the  acute  form  lasts  two 
weeks,  the  chronic  form  four  to  six  weeks,  both  terminating  fatally. 
As  in  the  herpetic  infections,  small  sized  animals  are  more  susceptible, 
the  disease  being  more  acute  in  them.  The  site  of  inoculation  does  not 
seem  to  have  an  important  influence  on  the  course  of  the  disease:  rabbit 
No.  23  died  four  days  after  the  inoculation  into  the  eye  :  all  the  other 
animals  were  inoculated  under  the  dura  mater. 

In  another  series  of  experiments  the  cerebrospinal  fluid  of  a  woman, 
aged  42,  was  used  as  inoculation  material. 

On  April  10,  1922,  she  complained  of  dimness  of  vision  and  sleepiness. 
When  awake  she  was  quite  conscious.  Two  weeks  later  she  Ijecame  sleepless  ; 
during  the  whole  time  she  did  not  complain  of  pain.  At  the  beginning  of  May 
she  developed  myoclonic  movements  in  her  left  upper  limb.  When  she  was 
admitted  to  hospital  on  May  10  her  eyes  were  half-closed,  the  ocular  move- 
ments were  normal,  and  there  was  no  nystagmus  ;  the  pupils  unequal,  the 
right  being  larger,  their  reaction  to  light  was  diminished  and  that  to  accom- 
modation lost.     There   were  incessant  movements  of  the  fingers  of  the   left 
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upper  limb  which  took  the  form  of  scratching  the  inner  side  of  the  thumb  or 
the  thenar  eminence ;  sometimes  she  scratched  lier  head  in  the  same  stereo- 
typed way.  Those  movements  ceased  during  sleep.  In  the  lower  limbs  there 
was  constant  dorsiflexion  and  extension  of  both  feet,  and  from  time  to  time 
slight  raising  of  the  whole  limb.  The  tendon  reflexes  were  lively,  the  skin 
reflexes  diminished.  The  tension  of  the  muscles  at  the  left  elbow  was  slightly 
increased  (slight  stiffness  on  extension  of  the  joint).  The  cerebrospinal  fluid 
was  clear  but  under  slight  tension  ;  the  Nonne-Apelt  reaction  was  slightly 
positive  but  there  was  no  excess  of  cells. 

0'5  c.cm.  of  the  fluid  was  injected  into  two  rabbits. 

Rabbit  No.  34  was  inoculated  under  the  dura  mater  and  into  the 
spinal  canal ;  rabbit  No.  36  into  the  right  eye.  The  first  rabbit  died 
three  and  a  half  months  after  the  inoculation,  the  second  four  weeks 
after  it.     The  first  one  was  a  big  specimen,  the  second  of  small  size. 

Five  days  after  inoculation  rabbit  No.  36  showed  a  slight  paresis  of 
the  right  hind  leg,  which  passed  off  in  a  few  days.  Two  weeks  later  the 
temperature  rose  to  40°  for  a  week  or  so,  but  dropped  to  36°  before  death. 
For  one  day  before  its  death  rabbit  No.  34  seemed  dazed,  reeled  to  the 
left   when  running,  had  marked  head  retraction  and  trembled  all  over. 

In  a  series  of  inoculations  with  infective  material  from  other  patients 
the  results  were  much  the  same.  The  results  were  equally  positive  with 
inoculations  of  cerebrospinal  fluid,  of  the  discharge  from  the  naso- 
pharynx and  of  brain  emulsion.  Anatomical  changes  were  found  in 
all,  but  clinical  symptoms  in  a  certain  proportion  only.  We  also  noticed 
that  the  virulence  of  the  infective  material  depended  less  on  its  source 
than  on  the  intensity  of  the  disease  in  the  patient. 

Inoculation  of  Healthy  Rabbits  with  Brain   Emulsions  of 
Rabbits  infected  with  Encephalitis  Lethargica. 

In  this  series  of  experiments  we  inoculated  animals  with  brain 
emulsions  from  other  animals  who  had  died  from  the  disease,  or  had 
been  killed  after  infection.  We  are  unable  to  classify  the  results  of 
these  experiments  since  a  secondary  infection  (pasteurella)  destroyed  a 
great  number  of  our  animals.  We  counted  only  those  cases  as  positive 
which  showed  clinical  symptoms  typical  of  the  disease,  and  which  were 
free  from  the  pasteurella  infection.  It  is  much  more  difificult  to  infect 
rabbits  with  material  taken  from  other  infected  rabbits  than  with 
material  from  human  patients.  The  following  charts  illustrate  this 
clearly. 
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Cerebrospinal  Fluid  and  Discharge  from  Nasopharynx  of  Patibnt  G. 

19.4.22. 

I 


N.  21a  inoculated  into  eve. 
Died  16.5. '22. 


N.  21b  inoculated  into  eye. 
Died  17.5.22. 
(Pasteurella. ) 


^V.  14  inoculated 

subdurallv. 

Died  29.5.22. 

I 

N.  47  inoculated 

subdu  rally. 

Alive. 


N.  42  inoculated 

into  eye. 

Died  21.9.22. 


Brain  Emulsion  of  Patiknt  C. 
21.4.22. 


N.21 

subdurally 

and  eye. 

Died  15.0.22. 


N.22 

subdurallv. 

Died  18.5.22. 

(Pasteurella.) 


N.  23 

into  eye. 

Died  25.4.22. 


N.  24 

subdurally. 

Alive. 


N.  25 

subdurally 

and  into  eye. 

Died  6.5.22. 


N.26 

into  eye. 

Died  11.5.22. 


N.  37.  N.  38.  N.  39. 
Pasteurella. 


] 
N.27. 
Subdurally. 
Died  22.8.22. 


N.  28. 
Alive. 


N.  31. 
Subdurally. 
Died  .30.8.22. 


N.  32. 
Subdurally. 
Died  29.6.22. 


N.  33. 

Subdurally. 

Alive. 


N.  66. 
Alive. 


N.  67. 
Alive. 


The  incubation  period  is  prolonged  when  the  infection  is  transferred 
from  animal  to  animal ;  as  an  example  we  may  mention  rabbit  No.  31 
which,  inoculated  subdurally  and  into  the  right  eye  on  May  6,  with  a 
brain  emulsion  of  rabbit  No.  25,  remained  quite  well  for  four  months, 
during  which  time  there  were  no  signs  that  infection  had  taken 
place.  Then  the  temperature  rose  to  39'6°,  the  head  turned  to  the  left 
and  downwards,  the  animal  lay  on  his  left  flank  and  when  put  on  his 
legs  executed  definite  circus  movements,  the  left  legs  moving  on  the 
smaller  curve.  It  frequently  rotated  on  its  longitudinal  axis,  the  right  side 
turning  round  to  the  left.  There  was  vertical  nystagmus,  more  marked 
in  the  right  eye.  When  held  up  by  its  ears  the  body  and  hind  limbs 
described  circular  movements  in  the  air  and  when  placed  again  on  the 
floor  oscillatory  movements  of  the  head  appeared.  These  symptoms 
lasted  two  days.  The  animal  was  killed  by  a  blow  on  the  head. 
Rabbit  No.  42,  infected  with  a  brain  emulsion  of  rabbit  No.  21a,  had 
also  a  long  incubation  period  (see  diagram).  There  was  a  slight  ulcera- 
tion on  the  right  cornea  and  a  slight  rise  of  temperature.     The  animal 
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died  four  months  later.  Its  brain  showed  typical  changes.  As  an 
example  of  a  more  acute  course  in  the  same  series  we  may  mention 
rabbit  No.  41,  which  was  inoculated  subdurally  on  May  16  with  a  brain 
emulsion  of  rabbit  21a;  six  days  later  the  temperature  rose  to  408°  and 
the  hind  legs  became  paralysed.  During  the  next  six  days  the  tempera- 
ture fell  to  36°  and  the  animal  died  on  May  29. 

We  must  therefore  conclude  that  the  clinical  symptoms  of  infection 
by  encephalitis  lethargica  are  identical  with  those  of  herpetic  infection. 
The  local  changes  in  the  eyes  are,  however,  much  more  intense  in  the 
herpetic  infection ;  in  encephalitis  lethargica  there  may  be  no  reaction, 
or  a  slight  irritation  of  the  eyes  only.  Levaditi  believes  this  is  due  to 
the  greater  affinity  of  the  herpetic  virus  for  the  skin  and  designates  this 
property  dermotropic  ;  he  terms  the  affiaity  of  the  virus  of  encepha- 
litis lethargica  for  the  brain  tissue  neurotropic. 

There  is  a  great  difference  between  the  clinical  course  of  the  disease 
in  man  and  in  animals.  In  the  latter  the  infection  is  not  always 
accompanied  by  clinical  symptoms  and  is  sometimes  detected  only  by 
post-mortem  examination.  It  is  not  known  that  in  man  symptoms 
may  be  absent  when  infection  is  present. 

In  animals  the  most  common  symptoms  are  abnormal  positions  of 
the  head,  circus  movements,  nystagmus  and  oscillatory  movements  of  the 
head,  that  is,  symptoms  of  labyrinthine  involvement.  Siegrist  and 
Stocker  have,  in  fact,  observed  involvement  of  the  labyrinth  and  thought 
it  was  the  cause  of  the  symptoms.  Doerr  and  Schnabel  found  the  same 
symptoms  in  animals  whether  the  labyrinths  were  involved  or  not.  In 
our  series  no  involvement  of  the  labyrinth  was  found  in  the  pathological 
examinations  made  by  Dr.  Karbowski.  We  therefore  attribute  the 
symptoms  to  involvement  of  the  nervous  system,  and  indeed  we  always 
found  there  changes  capable  of  explaining  them.  Another  frequent 
symptom  in  animals  which  is  seldom  found  in  man  are  either  general  or 
local  convulsions. 

We  certainly  do  not  agree  with  Kling,  David  and  Lilienquist,  who 
describe  a  great  similarity  between  the  symptoms  in  man  and  animals, 
these  being  "  spasmodic  or  catatonic  conditions,  tremors  not  unlike  the 
tremor  of  Parkinson's  disease,  and  convulsions."  We  never  noticed  in 
our  series  such  spasmodic  or  catatonic  symptoms,  nor  tremor  nor 
myoclonic  movemeats,  and  convulsions  occur  very  rarely  in  man. 

Symptoms  of  Parkinson's  disease  appear  in  man  later,  when  the 
disease  has  lasted  for  some  time.  We  purposely  kept  a  certain  number 
of  rabbits  alive  in  order  to  see  if  this  complication  would  arise,  but  it  has 
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not  occurred  till  now.  We  have  also  failed  to  observe  in  our  rabbits  any 
sleepiness  or  paralysis  of  the  oculo-niotor  nerves.  We  do  not  think  that 
running  into  obstacles  was  due  to  visual  troubles  as  Doerr  and  Schnabel 
believe  ;  examination  of  vision  and  histological  examination  of  the 
nervous  system  do  not  support  their  view.  It  was  more  probably  due 
to  the  kinetic  and  static  disturbances  so  frequent  in  our  animals. 
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Fig.  1. — Celloidin  gection  stained  with  thionin.  (Zeiss,  Oc.  0,  Obj.  a,  2.)  (1)  A  layer 
of  pyramidal  cells  in  the  cornu  Ammonis.  (2)  An  inflammatory  focus.  (.3)  An  inflammatory 
focus  in  the  lenticular  nucleus.  (4)  Inflammatory  infiltration  of  ependyma  and  choroid 
plexus  of  the  lateral  ventricle. 

Pathological  CJianges. 
The  pathological  changes  are  identical  in  both  infections.    Although 
there  are  three  forms  of  the  disease,  acute,  subacute  and  chronic,  the 
changes  in  the  brain  may  be  described  as  either  acute  or  chronic. 

Pathological  Changes  in  tlie  Acute  Form. 

Rabbit  No.  25  was  inoculated  subdurally  with  a  brain  emulsion  of  a  patient 
dead  of  encephalitis  lethargica.    Macroscopically  the  brain  showed  some  slight 
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congestion.  Microscopically  there  was  a  well  marked  infiltration  of  the  pia 
mater  all  over  the  brain,  most  marked  at  the  base  and  in  the  neighbourhood 
of  the  optic  and  oculo-motor  nerves,  and  from  here  the  inflammation  penetrated 
into  the  brain  tissue.  The  pia  mater  over  the  cerebellum  was  only  slightly 
infiltrated.  In  some  places  the  blood-vessels  showed  perivascular  infiltration, 
chiefly  in  the  superficial  layers  of  the  base.  In  the  brain  tissue,  and  principally 
in  the  region  of  the  lenticular  and  caudate  nuclei,  there  were  foci  of  cellular 
infiltration  which   was   most  marked  on  the  ventricular  side  of  the  caudate 


■  » 


*  f 

4t 


«:v« 


^ 


««> 


>* 


Fig.  2. — Inflammatory  focus  in  the  lenticular  nucleus.     (Zeiss.  Oc.  2,  Obj.  DD.)     (1)  A 
large  miononuclear  cell.     (2)  A  group  of  large  mononuclear  cells.     (3)  A  lymphocyte. 


nucleus  (fig.  1).  No  inflammation  was  found  in  the  cerebellum,  pons  or  medulla 
oblongata.  The  infiltration  consisted  of  mononuclear  elements,  large  mono- 
nuclear cells  and  lymphocytes  (fig  2).  Degenerative  changes,  in  the  form  of 
chromatolysis,  were  present  throughout  the  nervous  system ;  it  was  less 
marked  in  the  cortical  cells  than  in  those  of  the  caudate  and  lenticular  nuclei. 
The  Purkinje  cells  in  the  cerebellum  had  undergone  marked  chromatolysis  ; 
some  of  them  had  disappeared  completely  and  were  replaced  by  neuroglia, 
or  only  traces  of  them  remained.     The  small  cells  of  the  zona  molecularis 


64  ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

showed  the  degenerative  changes  descrihed  by  Simchowitch  ;  the  nucleus  was 
contracted,  the  chromatin  granules  arranged  on  its  periphery,  the  protoplasm 
dissolved  gradually  and  finally  surrounded  the  nucleus  as  a  small  zone, 
separated  from  it  by  a  lighter  one.  In  the  last  stages  of  degeneration  the  cells 
come  to  resemble  plasma  cells.  We  found  similar  changes  in  the  locus  niger 
of  Soemmering,  and  marked  chroraatolysis  in  the  cells  of  Deiters'  nuclei  and  in 
the  dentate  nuclei  of  the  cerebellum. 


3 


Fig.  .3.— (Zeiss,  Oc.  0,  Obj.  aa).     (1)  Cortex.      (2)  A  patch  of  inflammatory  infiltration. 
(3)  An  inflammatory  focus  between  the  optic  thalamus  and  the  cortex. 

The  disease  ran  a  more  acute  course  in  a  rabbit  inoculated  on  April  1 
subdurally  and  into  the  right  eye  with  a  brain  emulsion  from  another  rabbit 
infected  with  encephalitis  lethargica.  It  died  eight  days  later  without  showing 
any  clinical  symptoms.  In  the  pia  mater  over  the  base  of  the  brain,  and  in  a 
lesser  degree  in  the  choroid  plexus  of  the  third  ventricle,  there  was  a  cellular 
infiltration.  The  blood-vessels  were  only  slightly  infiltrated  and  the  pia  mater 
was  hardly  infiltrated  at  all  except  over  the  fissure  separating  the  cerebellum 
from  the  medulla  oblongata  where  we  found  marked  infilti'ation  round  the 
blood-vessels.  Inflammatory  changes  were  on  the  whole  slight,  but  the 
degenerative  lesions  were  very  striking.     There  was  marked  chromatolysis  of 
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the  cells  of  the  optic  thalamus,  in  those  of  the  nuclei  of  the  floor  of  the  fourth 
ventricle  and  even  in  the  anterior  horns  of  the  cord.  Some  cells  had  dis- 
appeared completely.  The  zona  molecularis  of  the  cerebellum  showed  the 
same  changes  as  in  rabbit  No.  25.  In  the  cells  of  Deiters'  nuclei  the  Nissl's 
corpuscles  were  completely  disintegrated,  the  nucleus  was  swollen  and  situated 
excentrically,  in  places  the  protoplasm  did  not  stain  at  all,  and  of  some  cells 
onlv  traces  remained. 
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Fig.  i. — (Zeiss,  Oc.  0,  Obj.  a2).  (1)  Nucleus  caudatus.  (2)  Optic  thalamus.  (3)  A  layer 
of  pyramidal  cells  iu  the  cornu  Ammonis.  (4)  Au  inflammatory  focus.  (5)  The  lateral 
ventricle.     (6)  The  cornu  Ammonis. 

These  pathological  changes  were  typical.  The  mononuclear  infiltra- 
tion was  a  constant  feature,  even  in  the  most  acute  cases  that  proved 
fatal  within  two  days. 

Rabbit  No.  6  :  Small  size,  albino.  Inoculated  on  March  11  under 
the  dura  mater  with  brain  emulsion  from  rabbit  No.  2,  died  March  13. 
In  spite  of  the  short  duration  there  were  typical  changes  in  the  usual 
regions :  in  the  base  of  the  brain,  in  the  periphery  of  the  nucleus 
caudatus,  in  the  wall  of  the  lateral  ventricle  and  in  the  region  of 
stratum    zonale    of    the    optic    thalamus.       The    infiltration    consisted 
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of  mononuclear  elements,  except  at  the  base  of  the  brain  where  a  few 
polynuclear  cells  were  found.  We  may  say  that  the  mononuclear 
infiltration  was  typical  for  both  infections.  Our  observations  differ  in 
this  from  Levaditi  and  Harvier,  who  found  mononuclear  infiltration 
in  the  chronic  forms  and  polynuclear  cells  in  the  acute  cases.  Our 
observations  seem  to  confirm  the  views  of  liergel  who  states  that  some 
bacteria  of  a  lipoid  nature,  as  Koch's  bacillus,  cause  a  mononucleo- 
cytosis. 

We  have  described  rabbit  No.  21a  as  an  example  of  a  subacute 
infection   (p.   57). 

Examining  its  brain  we  found  in  the  pia  mater  over  the  l)ase  of  the  brain 
a  marked  infiltration  which  penetrated  into  the  brain  tissue  for  a  few 
millimetres.  There  were  small  foci  of  cellular  infiltration  scattered  about, 
most  numerous  in  the  caudate  and  lenticular  nuclei.  The  walls  of  the  blood- 
vessels were  thickened,  the  adventitia  had  proliferated,  and  the  lumen  of  the 
vessels  was  in  some  places  completely  occluded.  There  was  marked  peri- 
vascular infiltration  ("  manchons  perivasculaires  "),  especially  in  the  above 
mentioned  nuclei.  Between  the  vessels  the  tissues  were  infiltrated  with 
mononuclear  cells,  plasma  cells  and  elongated  c^Us  resembling  Stiibchenzellen, 
and  by  granules  resulting  from  destruction  of  the  cells.  There  was  marked 
proliferation  of  neuroglia.  No  inflammatory  changes  were  found  in  the  cere- 
bellum. A  few  neurophages  were  seen  in  the  cortical  cells.  The  degenerative 
changes  were  similar  to  those  described  above  ;  they  were  most  marked  in  the 
Purkinje  cells  and  in  Deiters'  nuclei  and  least  evident  in  tlie  cortical  cells. 
The  ocular  muscles  were  also  infiltrated. 

Consequently  the  only  difference  between  the  last  observation  and 
the  two  others  was  the  presence  of  neurophages  and  plasma  cells, 
and  the  thickening  of  the  walls  of  the  vessels. 

Pathological  Changes  in  the  Chronic  Form. 

Inflammatory  changes. — We  may  mention  as  an  example  rabbifNo.  1 
which  had  been  inoculated  into  the  eye  with  the  contents  of  a  herpetic 
vesicle. 

The  inflammatory  changes  were  discrete.  There  was  a  slight  infiltration 
of  the  pia  mater  over  the  base  and  convexity  of  the  brain,  seen  clearly  in  a 
transverse  section  through  its  anterior  part.  A  few  inflammatory  cells  were 
also  found  in  the  ependyma  of  the  lateral  ventricles.  There  were  scattered 
inflammatory  foci  in  the  caudate  and  lenticular  nuclei  and  in  the  septum 
pellucidum.  In  a  more  posterior  transverse  section  (figs.  2  and  5)  a  large 
inflammatory  focus  was  seen  in  the  angle  between  the  caudate  nucleus  and  the 
cortex,  and  a  smaller  one  in  the  nucleus  amygdalae.     There  was  a  haemorrhage 
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and  some  infiltration  on  the  surface  of  the  thalamus  and  in  the  pia  mater 
over  the  cerebral  peduncles  :  the  locus  niger  of  Soemmering  contained  small 
inflammatory  foci  and  there  was  some  infiltration  of  the  blood-vessels  in  the 
caudate  and  lenticular  nuclei.  The  infiltration  consisted  of  mononuclear 
elements  (lymphocytes  and  here  and  there  plasma  cells).     (Fig.  6.) 


."  -^y -l^}^^''"'-'    ••     "':'".'.''■'  '..'-•."••'-•,"• -'-m 


Fig.  5. — An  iDfiammatory  focus  in  the  caudate  nucleus.     (Zeiss,  Oc.  2,  Obj.  aa. ) 
(1)  Ependyma  of  the  lateral  ventricle.     (2)  An  inflammatory  focus. 


Degenerative  changes. — Degenerative  changes  were  very  marked  in  the 
nerve  cells.  In  the  cortical  cells  we  found  chromatolysis  and  vacuoles ; 
the  Purkinje  cells  had  partially  disappeared  ;  those  of  the  red  nuclei  stained 
with  difficulty,  their  nuclei  were  swollen  and  they  were  surrounded  by  neuro- 
phages  ;  the  cells  of  the  third  nerve  nuclei  had  also  undergone  chromatolysis. 

From  this  description  we  see  that  in  the  chronic  cases  there  is  much 
less  small  cell  infiltration  than  in  the  acute  cases,  but  more  proliferation 
of  the  connective  tissue  in  the  meninges,  and  in  the  nervous  tissues 
polyblasts  and  plasma  cells  are  found.  Degenerative  changes,  on  the 
other  hand,  were  prominent  in  all  of  them.     In  a  few  rabbits,  however. 
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in   wliich   the  disease   ran  an  acute  course,  post-mortem   examination 
revealed  the  same  predominance  of  degenerative  changes. 

Rabbit  No.  20,  albino,  440  grm.  weight.  Inoculated  into  the  riglit  eye 
with  a  brain  emulsion  of  rabbit  dead  of  encephalitis  lethargica.  It  died  on  the 
eighth  day.     There  was  very  slight  infiltration  in  the  region  of  the  optic  nerves 
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Fig.  6. —The  inflammatory  focus  seen  in  fig.  5.     (Zeiss,  Oc.  2,  Obj.  immersion.) 
(1)  A  large  mononuclear  cell.      (2)  A  lymphocyte. 

and  in  the  medulla  oblongata  an  inflammatory  focus,  consisting  of  mono- 
nuclear elements  surrounded  by  neuroglia,  was  present.  The  degenerative 
changes  were  marked  and  not  of  the  usual  type  ;  in  the  cells  of  the  caudate 
nucleus  and  of  the  cornu  Ammonis  the  protoplasm  stained  with  difficulty, 
and  in  some  cells  only  the  nuclei,  which  were  large  and  stained  poorly,  con- 
tained a  large  spindle-shaped  nucleolus  with  dark  well-stained  corpuscles 
at  both  ends ;  this  appearance  suggested  a  mitosis  (fig.  7).  In  some 
nuclei    there  were    two  such    structures,  but    other  nuclei  contained  several 
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small  corpuscles  in  addition  to  the  nucleolus.  The  cells  of  Purkinje  and 
those  of  the  grey  matter  in  the  floor  of  the  fourth  ventricle  showed  beginning 
chromatolysis. 

The  brains  of  rabbits  which  died  without  developing  cHnical 
symptoms  presented  post-inflammatory  scarring  of  long  standing ;  such 
changes  were  found   in  all  animals  killed  some   time  after  infection. 
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Fig.  7. —The  caudate  nucleus.  (Zeiss,  Oc.  2,  Obj.  immersion.)  (1)  A  nucleus  of  a  nerve 
cell  with  its  spindle-shaped  nucleolus.  (2)  A  nucleus  with  a  spindle-shaped  nucleolus  and 
two  corpuscles.     (3)  A  neuroglia  cell. 

Oliver,  however,  found  in  20  per  cent,  of  normal  rabbits  inflammatory 
changes  of  long  standing,  indicating  some  previous  inflammation  of 
the  brain. 

The    rabbit    No.    31    helped   to  determine  the  origin  of  the   laby- 
rinthine symptoms  so  often  met  in  our  investigations. 

Old  post-inflammatory  changes  were  found  at  the  base  of  the  brain,  the  pia 
mater  being  thickened  and  containing  a  great  amount  of  fibroblasts  and  con- 
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nective  tissue  ;  the  intima  and  adventitia  of  the  blood-vessels  were  proliferated, 
and  here  and  there  in  the  cortex  and  thalami  there  was  a  mononuclear 
infiltration  of  their  walls.  In  one  place,  on  the  border  of  the  pia  mater  and 
cortex,  there  were  traces  of  an  old  inflammatory  focus,  consisting  of  fibro- 
blasts, plasma  cells  and  polyblasts.  In  transverse  sections  more  posteriorly 
a  more  intense  infiltration  of  the  pia  mater  over  the  base  was  found, 
especially  at  the  level  of  the  corpora  quadrigemina.  No  inflammatory 
changes  were  discovered  in  the  brain  tissue,  except  in  the  nucleus  of  the 
nervus  vestibularis  and  in  the  tuberculum  acusticum.  The  cells  of  the 
nucleus  vestibularis  were  degenerated.  Slight  changes  were  also  found  in 
the  cells  of  Deiters'  nuclei  and  of  the  nuclei  of  the  floor  of  the  fourth 
ventricle,  but  the  cells  of  the  cerebellum,  red  nuclei  and  nuclei  dentate 
were  not  afifected. 

In  this  case  the  infiammatory  changes  were  slight  except  in 
the  nucleus  vestibularis;  this  explains  the  circus  movements  of  the 
animals. 

We  are  at  present  unable  to  say  why  animals  so  often  develop 
these  circus  movements  and  disturbances  of  static  position  which 
are  never  met  in  man.  It  may  be  that  in  animals  the  virus  has  a 
selective  affinity  for  the  nervus  vestibularis  as  it  has  for  the 
oculomotor  nuclei  in  man,  or  it  may  be  due  to  a  special  arrange- 
ment of  the  blood-vessels  or  to  some  biochemical  properties  of  these 
nuclei. 

Changes  in  the  Liver. 

In  all  our  animals  infected  with  either  virus  we  found  inflammatory 
changes  in  the  liver.  These  consisted  of  a  mononuclear  infiltration 
round  the  small  bile  ducts,  the  inflammatory  cells  often  penetrating 
between  their  epithelial  cells  which  were  occasionally  much  pro- 
proliferated.  The  hver  was  congested  and  the  cells  around  the  blood- 
vessels were  often  destroyed.  Such  changes  were  not  found  in  the 
spleen  and  kidneys.  The  relation  between  affections  of  the  grey 
matter  of  the  brain  and  diseases  of  the  liver  were  first  pointed  out 
by  Wilson,  who  found  that  affections  of  the  lenticular  nucleus  were 
often  accompanied  by  cirrhosis  of  the  liver.  Wilson  considered  the 
liver  affection  as  primary,  the  brain  being  secondarily  affected  as  result 
of  disturbed  metabolism.  Our  experiments  suggest  that  both  organs 
were  affected  simultaneously.  The  livers  of  patients  who  have  died  of 
encephalitis  lethargica  contain  changes  similar  to  those  we  found  in 
the  rabbits,  but  as  we  have  not  yet  been  able  to  examine  many  human 
livers,  we  cannot  come  to  definite  conclusions. 
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Our  experimental  work  on  the  liver  has  been  only  recently  under- 
taken. We  have  proved,  however,  that  the  infiltration  of  the  bile  ducts 
is  not  merely  due  to  toxins  or  to  disturbance  of  metabolism,  since  by 
injecting  animals  with  an  emulsion  of  liver  tissue  in  the  same  way  as 
we  did  with  a  brain  emulsion,  we  have  been  able  to  reproduce  the 
disease,  and  therefore  to  show  that  the  virus  itself  is  localized  in  the 
liver. 


Fig.  S. — (Zeiss,  Oc.  2,  Obj.  aa.)     Infiltration  of  the  bile  ducts  in  the  liver. 

There  are  many  characters  common  to  the  infection  of  man  and 
animals ;  the  infiltration  consists  of  mononuclear  cells  in  both,  its 
localization  in  the  basal  ganglia  was  also  similar,  and  degenerative 
changes  in  the  cerebellum  occur  in  man  as  well  as  in  the  rabbit.  We 
have  been  able  several  times  to  demonstrate  marked  degenerative 
changes  in  the  Purkinje  cells  in  man,  though  infiammatory  changes  were 
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absent.  The  meninges,  however,  react  differently,  since  in  man  their 
affection  plays  an  important  part  in  the  pathological  picture.  This  seems 
to  contradict  Levaditi  s  view  of  the  ectodermotropic  nature  of  the  virus, 
that  is  to  say,  its  special  affinity  for  the  tissues  of  ectodermal  origin. 
That  the  liver  is  also  involved  is  another  argument  against  his 
hypothesis. 
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I. — Introduction. 

The  history  of  the  disease  we  are  about  to  consider  may  be  said  to 
begin  in  1886  with  the  appearance  of  Erb's  monograph  on  Thomsen's 
disease  ;  for  although  myotonia  congenita  and  myotonia  atrophica  are 
distinct  conditions,  Erb's  work,  by  arousing  widespread  interest  in 
myotonia  in  general,  led  to  the  publication  of  a  large  number  of  cases  of 
so-called  atypical  Thomsen's  disease  and  this  brought  to  light  the  group 
of  cases  that  now  concerns  us  in  which  myotonia  is  associated  with 
atrophy  of  the  muscles. 

This  curious  combination  of  symptoms  was  described  for  the  first 
time  by  Deleage  in  1890 ;  thereafter  isolated  cases  were  recorded  by 
Hoffmann,  Jolly,  Kornhold,  Nogues  and  Sirol,  Schultze,  Berg, 
Curschmann,  Fiirnrohr  and  others,  but  no  real  advance  was  made  until 
1909,  when  Batten  and  Gibb  [4]  and  Steinert  [54]  gave  independent 
descriptions  of  the  clinical  features  of  this  group  and  showed  that  it 
constituted  a  distinct  and  characteristic  symptom-complex.  Unlike 
earlier  writers,  who  detected  no  uniformity  in  the  distribution  of 
the  atrophy,  these  observers  found  that  it  was  constant  in  certain 
positions,  namely  in  the  face,  where  it  gave  rise  to  the  facies  myopathica. 
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in  the  muscles  of  mastication,  the  sternomastoids,  the  forearms,  and, 
less  often,  in  the  peronei ;  but  whilst  they  agreed  on  many  points  they 
differed  in  their  conception  of  the  nature  of  their  cases  and  the  sequence 
of  the  symptoms,  for  Steinert  maintained  that  myotonia  was  the  essential 
and  initial  symptom,  atrophy  being  merely  an  incident  in  the  course  of 
Thomson's  disease,  whereas  Batten  gave  priority  to  atrophy,  and, 
holding  that  myotonia  was  "  merely  a  symptom,"  placed  his  cases  in  a 
group  amongst  the  myopathies. 

Time  has  confirmed  the  general  accuracy  of  their  descriptions  of  the 
muscular  symptoms  ;  but  it  has  also  brought  into  prominence  a  number 
of  extra-muscular  phenomena,  some  of  which,  though  noticed  before, 
had  been  regarded  as  fortuitous,  and  has  brought  about  a  complete 
change  in  our  conception  of  the  nature  of  a  disease,  which,  far  from 
being  an  affection  of  the  muscular  system  alone,  is  now  known  to  be  a 
general  dystrophic  disorder  with  diverse  and  widespread  manifestations. 

This  significant  change  followed  closely  upon  the  discovery  that 
cataract  was  a  frequent  symptom.  In  1911  one  of  us  [16]  described  a 
family  of  thirteen  brothers  and  sisters,  of  whom  five  suffered  from 
myotonia  atrophica,  two  with  and  three  without  cataract,  and  two  from 
cataract  alone.  In  the  same  year  accounts  of  patients  with  myotonia 
atrophica  and  cataract  were  published  by  Kennedy  and  Oberndorf  [34] 
and  Ormond  [44J  and  thereafter  the  number  of  similar  observations 
increased  rapidly.  At  once  the  other  extra-muscular  symptoms,  as 
atrophy  of  the  testicles,  baldness,  loss  of  body  weight,  and  the  rest, 
which  had  hitherto  been  regarded  as  more  or  less  accidental,  were 
viewed  in  a  new  light.  In  1912,  Curschmann  [8],  who  was  the  first  to 
recognize  their  significance,  elevated  them  to  a  cardinal  position  at  least 
equal  in  importance  with  myotonia  and  muscular  atrophy  in  the 
.symptomatology  of  the  disease,  and  insisted  that  they  must  receive  full 
consideration  in  any  discussion  on  its  nature.  At  the  same  time  he 
expressed  his  agreement  with  Lewandowsky  [37],  Hirschfeld  [27]  and 
Grund  [19] ,  who  had  already  in  separate  papers  declared  the  indepen- 
dence of  these  cases  from  Thomsen's  disease,  and  gave  his  classical 
description,  to  which  little  of  material  importance  has  since  been 
added.  According  to  this  description  the  main  features  of  the  disease 
are  briefly :  Onset  between  the  ages  of  20  and  30  years  in  contrast  to 
the  earlier  onset  of  Thomsen's  disease  ;  muscular  atrophy  of  peculiar 
distribution  as  described  by  Batten  and  Steinert,  namely  facies 
myopathica  with  atrophy  of  the  sternomastoids  and  the  muscles  of  the 
forearms  ;  myotonia  confined  to  a  few  muscles  and  usually  present  in 
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the  hand-grasps  alone;  loss  of  tendon  reflexes;  extra-muscular  symptoms, 
of  which  the  most  frequent  are  cataract,  baldness,  atrophy  of  the 
testicles  and  impotence  ;  various  vasomotor  disturbances,  and  general 
atrophy  and  loss  of  weight. 

At  this  stage  in  its  history  dystrophia  myotonica  was  regarded  as  a 
distinct  disease  characterized  by  the  triad,  muscular  atrophy  of  peculiar 
distribution,  myotonia  and  certain  extra-muscular  "  dystrophic " 
symptoms. 

In  recent  years,  however,  its  status  has  changed  again,  for  Fleischer's 
.[12]  investigations  into  the  family  history  of  patients  presenting  this 
combination  of  symptoms  have  shown  that  this  syndrome  is  but  one 
aspect  of  an  heredo-familial  disease  whose  presence  may  be  expressed  in 
divers  ways. 

The  changes  that  have  occurred  in  the  status  of  the  disease  from 
time  to  time  are  reflected  in  the  names  it  has  borne.  The  early  desig- 
nation, "  Thomsen's  disease  with  muscular  atrophy,"  is  a  reminder  of  a 
period  when  myotonia  and  Thomsen's  disease  were  synonymous  and 
when  any  patient  with  myotonia,  though  deviating  in  any  respect  from 
Erb's  classical  description,  was  described  as  an  atypical  case  of  Thomsen's 
disease.  In  1901  Eossolimo  [48]  proposed  the  name  "  myotonia 
atrophica"  for  those  cases  in  which  atrophy  was  supposed  to  have 
supervened  in  the  course  of  Thomsen's  disease,  and  this  name  has  been 
retained  in  this  country,  although  the  two  diseases  are  now  known  to 
be  separate.  In  recent  years  the  name  proposed  by  Curschmann — 
dystrophia  myotonica — has  been  adopted,  because  it  emphasizes  the 
dystrophic  phenomena;  but  it  is  certain  that  finality  in  nomenclature  has 
not  been  reached,  because  a  name  is  still  required  which  will  designate 
the  heredo-familial  disease  of  which  the  syndrome  dystrophia  myotonica 
is  a  part.  The  name  proposed  by  Naegeli  [41] — "pluriglandulars 
Erkrankung  innersekretorischer  Driisen" — and  the  ideas  it  connotes  are 
not  likely  to  prove  acceptable  at  present,  for  although  it  is  clear  that  the 
underlying  defect  is  an  endogenous  one,  the  evidence  available  does  not 
support  Naegeli's  contention  that  the  primary  defect  is  in  the  ductless 
glands. 

Since  1912,  when  Curschmann  gave  his  classical  description  of 
dystrophia  myotonica,  much  has  been  written  upon  the  subject  and  the 
number  of  the  recorded  cases  already  approaches  two  hundred  ;  never- 
theless, the  time  has  not  yet  arrived  when  descriptions  of  new  cases  are 
devoid  of  interest,  for  our  information  is  still  incomplete  on  many  points, 
and  a  number  of  problems  remain  for  the  solution  of  which  reports  of 
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careful  investigations  on  a  large  number  of  cases  are  still  necessary. 
Further,  very  few  cases  have  been  examined  after  death,  and  our 
knowledge  of  the  morbid  anatomy  of  the  disease  is  still  meagre.  We 
are  able  to  give  here  an  account  of  the  findings  in  a  case  which  was  the 
first,  so  far  as  we  are  aware,  to  come  to  autopsy  in  this  country  ;  and 
descriptions  are  given  of  the  morbid  appearances  in  portions  of  muscle 
removed  from  two  patients  during  life.  In  our  general  description  of 
the  disease  we  base  our  remarks  upon  twenty  cases  that  have  come 
under  our  own  observation,  and  at  the  same  time  we  draw  freely  upon  a 
large  number  of  papers  that  have  appeared  in  foreign  journals  since 
this  disease  last  formed  the  subject  of  a  communication  to  English 
readers. 

II. — Description  of  Cases. 

Case  1. — William  A.,  an  army  pensioner,  aged  44  years,  was  admitted  to  the 
National  Hospital  under  the  care  of  one  of  us  in  February,  1922,  complaining  of 
"weakness  in  the  arms  and  legs"  of  five  years  duration.  He  enjoyed  good 
health  until  March,  1917,  when,  wliilst  undergoing  military  training,  he  under- 
went a  severe  feverish  illness  diagnosed  as  influenza.  During  convalescence  from 
this  illness  he  suffered  from  severe  pains  in  the  joints,  especially  in  the  knees, 
elbows  and  shoulders  ;  the  pains  disappeared  in  a  few  months  but  left  behind 
them  a  weakness  in  the  legs,  which  soon  spread  to  the  arms  and  increased 
gradually  as  time  went  on.  Early  in  1918  he  noticed  for  tlie  first  time  an 
occasional  difficulty  in  relaxing  his  grasp;  the  more  firmly  he  grasped  an  object 
the  more  difficult  it  was  to  relax  his  hold.  This  symptom  still  troubles  him. 
He  cannot  say  with  certainty  whether  this  difficulty  preceded  or  followed  the 
onset  of  weakness  in  the  arms,  l)ut  bethinks  that  weakness  came  first.  During 
the  last  year  lie  has  noticed  a  feeling  of  stiffness  in  the  legs  on  rising  to  his  feet 
and  slowness  in  "  getting  off  the  mark  "  when  he  begins  to  walk  :  after  the 
initial  stiffness  has  worn  off  he  can  walk  at  a  slow  pace  for  about  a  quarter  of 
an  hour ;  the  legs  then  begin  to  ache  and  he  is  forced  to  rest.  He  is  quite 
steady  on  his  feet,  but  on  several  occasions  the  legs  have  given  way  suddenly 
without  apparent  cause  and  he  has  fallen  "  like  a  log  "  in  such  a  way  that  he 
has  struck  the  back  of  his  head.  His  weight  is  two  stone  less  than  it  was 
before  his  illness  began ;  his  arms  and  legs  have  wasted  and  his  facial 
appearance  has  altered  very  much  during  the  last  few  years  ;  his  voice  is  not 
so  clear  as  it  used  to  be  ;  his  hair  has  fallen  out  freely,  especially  in  front 
of  his  head  ;  he  has  had  no  sexual  intercourse  for  several  years  and  desire  is 
absent;  his  hands  are  "naturally  cold"  and  they  often  "go  blue";  his  eyes 
water  freely,  especially  when  he  is  in  the  open  air.  Apart  from  weakness  of 
the  limbs  he  feels  perfectly  well.  His  eyesight  is  very  good  ;  he  has  no  diffi- 
culty in  chewing  his  food  or  in  swallowing  ;  the  amount  of  sputum  is  not 
increased  and  he  hardly  ever  perspires. 
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He  was  always  very  healthy  until  his  present  trouble  began  ;  he  played 
football  in  his  youth  and  was  an  unusually  good  long  distance  walker.  For  ten 
years  before  joining  the  Army  he  did  heavy  manual  work  in  a  mineral-water 
factory. 

His  parents  died  when  he  was  a  child  from  causes  unknown  to  him  ;  he 
has  three  sisters,  all  older  than  himself  and  all  healthy  ;  his  only  brother  died 
in  childhood  of  pneumonia.  He  lias  tliree  daughters  and  one  son  living ;  one 
son  died  in  infancy  of  pneumonia. 

So  far  as  he  knows  no  member  of  any  l)ranch  of  his  family  has  suft'ex'ed 
from  any  muscular  trouble  or  from  cataract.  One  of  his  sisters  and  his  only  son 
were  examined  by  us  and  found  to  be  healthy.  The  son  is  a  professional  long- 
distance walker  of  repute ;  on  one  occasion  he  walked  from  his  home  to  visit 
his  father  in  hospital  and  returning  on  foot  covered  a  distance  of  over  one 
hundred  miles  in  twenty-three  hours. 

Condition  on  examination  :  Height,  5  ft.  6  in. :  weight,  7  st.  4  lb.  Skull  of 
normal  size  and  shape  ;  ears  small,  well-formed  ;  face  lacks  expression,  deep 
temporal  hollows,  sunken  cheeks,  smooth  forehead,  drooping  eyelids,  rather 
thick,  slightly  pursed  lips.  Skin  on  forehead  very  greasy,  giving  it  the 
appearance  of  being  covered  with  sweat :  conjunctivae  slighth-  injected,  eyes 
watery  ;  tongue  small  and  deeply  furrowed ;  palatal  arch  very  high  and 
narrow  ;  many  teeth  missing,  many  stumps,  no  prognathism  ;  hair  black, 
thin  on  vertex,  marked  frontal  baldness ;  thin  dark  eyebrows,  strong  dark 
beard,  shaves  daily.  Thyroid  gland  neither  visible  nor  palpable;  chest  hairless, 
axillary  and  pubic  hair  scanty  :  nipples  deeply  pigmented ;  pubic  hair  of 
normal  male  distribution  :  no  hair  on  arms  or  legs.  Penis  well  formed  and  of 
normal  size,  testicles  small  and  very  soft  :  hands  cold  and  blue,  nails  brittle, 
with  deep  longitudinal  ridges,  no  lunula  visible  ;  texture  of  the  skin  normal, 
very  little  subcutaneous  fat.  Heart  apex  in  fifth  space  in  nipple  line,  sounds 
feeble,  no  murmurs;  pulse  regular,  vessels  healthy,  average  rate  80  per  minute  : 
blood  pressure  (Riva  Rocci),  systolic  105,  diastolic  70  mm.  Hg :  lungs  healthy. 

Electrocardiogram  (Dr.  E.  D.  Adrian)  :  "  It  has  been  stated  that  there  is 
sometimes  a  lengthening  of  the  A-V  interval  in  patients  with  this  disease.  We 
therefore  recorded  the  electrocardiogram  leading  from  the  right  hand  to  the  left 
foot.  The  A-Y  interval,  or  rather  the  P-R  interval  (between  the  summits  of 
the  Pand  R  waves)  was  0'16-0'17  second  over  a  large  number  of  cycles.  This 
is  well  within  the  limits  of  the  normal." 

Barium  meal  (Dr.  Russell  Reynolds).  Form  and  motility  of  stomach 
normal ;  no  delay  in  passage  through  intestinal  canal. 

Urine :  Specific  gravity  1,015 ;  contained  no  albumin  or  sugar.  Blood 
count :  Red  blood  cells  4,700,000,  haemoglobin  92  per  cent :  white  blood  cells 
7,000,  polymorphonuclear  cells  (55  per  cent.,  lymphocytes  33  per  cent., 
eosinophils  2  per  cent. 

Nervous  and  viuscular  si/stons. — The  patient  is  even-tempered  and 
sociable  and  submits  with  good  grace  to  prolonged  examinations;  memory  very 
good,  takes  an  intelligent  interest  in  his  disease  and  is  well-informed.     His 
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expressionless  face  j^ives  an  impression  of  dulness  and  mental  apathy  which 
further  acquaintance  with  him  soon  helies.  Speech  low-toned,  monotonous 
and  slightly  nnitHed.  Vision  «  in  l)oth  eyes;  "no  cataract,  fundus  normal  " 
(Mr.  Leslie  Paton).  Hearing,  smell  and  taste  normal.  I'upils  of  moderate 
size,  equal,  and  regular  in  outline,  i-eact  well  to  light  and  on  convergence  ; 
range  of  ocular  movements  complete,  no  nystagmus;  corneal  reflexes  hrisk  and 
equal;  temporal  muscles  wasted,  masseters  small  but  firm,  and  tlieir  power  is 
slightly  diminished.  Typical  myopathic  facies  with  weakness  of  all  the  facial 
muscles,  most  marked  in  the  orbiculares  oculi ;  well-marked  Chvostek's  sign  on 
both  sides.  Soft  palate  is  not  unduly  thin,  moves  well  on  phonation,  palatal 
reflex  present,  no  dysphagia.  All  movements  of  tlie  vocal  cords  appear  to  be 
normal  on  inspiration  and  phonation,  although  the  appearance  of  the  right  cord 
leads  one  to  infer  that  it  is  less  tense  than  the  left.  Tlie  condition,  however, 
is  not  sufficiently  marked  to  be  acceptable  as  evidence  of  definite  paresis.  The 
tongue  is  small  and  deeply  wrinkled,  and  can  be  protruded  with  difficulty  about 
half  an  inch  beyond  the  teeth  ;  on  striking  its  lateral  border  with  a  small 
percussion  hammer  a  deep  dimple  forms  and  persists  for  several  seconds. 

The  neck  is  thin,  the  box  of  the  larynx  is  unduly  prominent,  all  the  muscles 
of  the  neck  are  weak  and  wasted  ;  deep  hollows  replace  the  normal  prominence 
of  the  sternomastoids  which  are  represented  by  a  few  fibrous  strands  ;  in  the 
erect  position  the  head  is  held  bent  forward  ;  when  he  is  lying  down  tlie  head 
cannot  be  raised  from  the  pillow,  and  when  the  trunk  is  raised  the  head  falls 
back ;  the  upper  parts  of  both  trapezii  ax'e  sliglitly  wasted,  but  the  shoulders 
can  be  shrugged  powerfully.  There  is  no  atrophy  of  any  of  the  muscles  of 
the  shoulder-girdle,  and  the  range  of  voluntary  movement  at  the  shoulder- 
joint  is  complete,  though  there  is  definite  slight  loss  of  power  in  all  movements  ; 
no  wasting  in  the  upijer  arms,  range  of  movement  at  the  elbow  complete,  power 
of  flexion  very  good,  extension  not  quite  so  good  ;  obvious  wasting  of  all  the 
muscles  of  the  forearms,  gx-eatest  in  the  extensors,  especially  in  the  supinator 
longus ;  extension  at  the  wrist  very  feeble,  flexion  weak  but  better  than 
extension;  hand-grasps  feeble;  dynamometer  R.30,  L.28  (observer  E.120, 
L.118) ;  slight  wasting  of  the  muscles  of  tlie  thenar  and  hypothenar  eminences 
and  power  diminished  out  of  proportion  to  the  wasting ;  cannot  touch  tip  of 
little  finger  with  tip  of  thumb  ;  writes  rapidly  with  a  pen  in  a  good  hand.  No 
wasting  of  trunk  muscles,  l)ut  he  is  unable  to  rise  from  the  supine  to  the  sitting 
position  without  using  his  arms  ;  repeated  flexion  and  extension  of  the  spine  in 
the  standing  position  is  carried  out  slowly  and  soon  tires  ;  the  muscles  of  the 
buttock  are  small  and  soft  but  not  obviously  wasted  ;  power  of  all  movements 
at  the  hip-joints  is  greatly  diminished  ;  when  lying  on  his  back  the  extended 
lower  limb  can  be  raised  about  45\  but  the  attitude  cannot  be  maintained  for 
more  than  a  few  seconds.  Flexion  and  extension  at  the  knee-joint  are  weak, 
flexion  being  better  than  extension.  The  muscles  on  the  antero-lateral  aspect 
of  the  leg  are  definitely  wasted  ;  the  calves  are  soft  but  bulky  in  comparison 
with  the  other  muscles  of  the  lower  limbs  ;  dorsiflexion  of  the  feet  is  very  weak, 
plantar  flexion  less  so ;  throughout  the  lower  limbs  the  loss  of  power  is  much 
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greater  than  the  amount  of  wasting  would  suggest.  The  muscles  generally  are 
small  and  soft,  the  limhs  are  limp  and  offer  little  resistance  to  passive  handling  : 
all  voluntary  movements  are  well  co-ordinated  when  he  carries  them  out  at  his 
own  slow  pace,  but  alternating  movements,  especially  when  he  attempts  to 
perform  them  rapidly,  are  badly  done  ;  in  attempting  rapid  alternating  flexion 
and  extension  at  the  elbow  for  example,  after  the  action  has  been  repeated  once 
or  twice  extension  is  begun  before  flexion  is  complete  and  vice  versa,  and  later 
he  begins  to  make  adventitious  movements  at  the  wrist  and  shoulder-joints,  so 
that  after  a  time  the  arms  are  flung  about  in  a  most  disorderly  manner,  the 
desired  movement  of  flexion  and  extension  being  almost  absent.  The  same 
defects  of  voluntary  movement  are  present  in  the  lower  limbs  ;  their  explana- 
tion will  be  discussed  later  in  the  chapter  on  myotonia.  All  the  tendon 
reflexes  are  absent. 

The  patient  stands  on  a  wide  base  with  the  head  bent  forward  ;  there  is  a 
marked  upper  dorsal  kyphosis  and  compensatory  lumbar  lox'dosis  ;  he  walks 
slowly  with  a  slight  "  steppage  "  gait ;  in  attempting  to  rise  from  the  floor  he 
proceeds  in  exactly  the  same  manner  as  a  patient  with  pseudo-hypertrophic 
paralysis  up  to  the  point  of  assuming  the  all-fours  position,  but  he  is  unable  to 
climb  up  his  legs  and  is  quite  unable  to  gain  the  erect  position  ;  he  cannot  rise 
from  a  chair  without  using  his  arms.  Fibrillation  was  observed  in  the  thigh 
muscles  on  several  occasions. 

Myotonic  symptoms  :  Myotonia  on  voluntary  movement  is  extreme  in  the 
hand-grasps  ;  on  grasping  the  observer's  hand  firmly  an  associated  movement 
of  flexion  occurs  at  the  wrist  ;  when  the  oi'der  is  given  to  relax,  the  grip  loosens 
at  once  and  the  fingers  are  extended  just  enough  to  allow  the  hand  to  be  with- 
drawn ;  the  fingers  remain  flexed  at  the  metacarpophalangeal  joint  for  many 
seconds,  and  flexion  of  the  wrist  persists  for  thirty  seconds  or  even  more  ;  the 
difficulty  in  extending  the  fingers  and  wrist  is  greater  the  more  power  he 
exerts  ;  it  diminishes  and  then  disappears  with  repetition  of  the  movement. 
A  similar  delay  in  relaxation  was  demonstrable  in  the  biceps  and  deltoid  of 
both  sides  and  in  the  extensors  of  the  knees. 

On  stimulating  the  muscles  mechanically  by  a  firm  blow  with  a  percussion 
hammer  a  prolonged  contraction,  lasting  sometimes  as  long  as  thirty  seconds, 
was  obtained  in  the  tongue,  the  deltoids,  the  thenar  and  hypothenar  eminences, 
the  vastus  externus  and  the  calves.  In  the  tongue  the  phenomenon  is  shown 
by  the  formation  of  a  deep  dimple  on  the  lateral  border  at  the  point  of  impact ; 
in  the  deltoids,  where  the  prolonged  contractions  are  most  persistent  and  most 
easily  elicited,  a  deep  hollow  forms  at  and  around  the  point  of  impact:  it  is 
broadest  at  this  point  and  is  continued  up  and  down  in  the  length  of  the  fibres 
as  a  distinct  furrow  ;  this  is  seen  in  the  vasti  and  calves  as  well.  In  the 
thenar  eminence  the  muscles  stand  up  prominently  and  the  thumb  is  strongly 
adducted  ;  in  the  hypothenar  eminence  the  muscle  stands  out,  the  little  finger 
is  abducted  and  remains  in  this  position  for  ten  seconds  or  more.  It  is  noticed 
that  in  the  muscles  showing  much  atrophy  the  normal  myotatic  irritability  is 
absent,  and  that  the  myotonic  after-contraction  is  most  easily  demonstrated  in 
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tlio  muscles  that  have  retained  their  hulk.  In  the  pectoral  muscles,  however, 
sharp  percussion  produces  a  tyjiical  "  harp-strinj*  contraction  "  of  normal 
duration,  whilst  at  the  point  of  impact  a  little  elevation  forms  and  persists  for 
a  few  seconds,  just  as  it  does  in  many  healthy  individuals. 

Electrical  reactions. — To  direct  faradism  the  excitability  of  tlie  following 
muscles  was  greatly  diminished  :  Flexors  and  extensors  of  the  forearm,  extensors 
of  the  knee  and  dorsitiexors  of  the  foot.  No  response  was  obtained  from  the 
sternomastoids  or  from  the  tibialis  anticus.  Normal  twitches  were  obtained 
from  all  the  other  accessible  muscles  :  in  the  deltoids,  the  flexors  of  the  fore- 
arm and  tlie  soleus  of  l)otli  sides,  short  stimuli  evoked  a  normal  twitch  ;  with 
a  stimulus  of  longer  duration  the  contraction  persisted  as  long  as  the  current 
was  passing  and  for  several  seconds  after  it  was  withdrawn. 

To  direct  galvanism  no  reaction  was  obtained  from  the  sterno-mastoids  or 
tibialis  anticus,  and  the  excitability  of  the  extensors  of  the  forearms,  extensors 
of  the  knees  and  the  dorsiflexors  of  the  feet  was  greatly  reduced  ;  in  several 
muscles  A. C.C.  was  definitely  greater  than  K.C.C.  From  a  number  of  muscles — 
e.g.,  deltoids,  thenar  and  hypothenar  eminences,  extensors  of  knee,  hamstrings, 
solei  and  peronei — normal  twitches  could  not  be  obtained,  but  a  tetanic  con- 
traction occurred  and  persisted  as  long  as  the  current  was  passing ;  as  a  rule 
tlie  muscle  relaxed  as  soon  as  the  stimulus  ceased,  but  in  the  deltoids,  small 
muscles  of  the  hands  and  solei,  tliere  was  a  myotonic  after- contraction  ;  this 
phenomenon  was  evoked  more  readily  from  the  anode  than  from  the  cathode. 

Dr.  E.  D.  Adrian  kindly  undertook  the  investigation  of  the  electrical 
reactions  of  the  muscles  and  has  given  us  the  following  report  : — 

Tlie  response  to  electrical  stimulation. — The  curve  relating  the  strength  and 
duration  of  current  required  to  excite  [l]  was  determined  for  two  muscles,  the 
deltoid  and  tlie  flexor  carpi  radialis  of  the  right  arm.  Both  these  muscles  gave 
well-marked  myotonic  phenomena,  but  the  strength-duration  cui've  shows 
nothing  abnormal.  This  may  be  seen  from  fig.  1  which  gives  the  curve  for  the 
flexor  carpi  radialis  and,  for  comparison,  a  curve  for  the  same  muscle  in  a 
perfectly  healthy  subject.  The  chronaxie  (the  duration  corresponding  to  a 
strength  twice  as  great  as  the  thresiiold  value  at  infinite  duration)  is  00002 
second  for  the  flexor  carpi  radialis  and  000015  second  for  tlie  deltoid,  the 
range  of  variation  in  healthy  subjects  being  O'OOOOS  second  to  O'OOOG  second. 
The  absence  of  any  marked  change  in  the  curve  is  not  to  be  wondered  at  in 
view  of  the  fact  that  currents  of  short  duration  probably  take  effect  on  tlie 
motor  nerve  fibres  and  not  on  the  muscle  substance  itself. 

With  currents  of  long  duration  the  response  was  abnormal,  (l)  For 
example,  with  the  galvanic  current  when  the  key  was  opened  and  closed  by 
hand  the  muscle  remained  contracted  as  long  as  the  current  was  passing 
instead  of  contracting  at  make  and  break  only.  We  are  unable  to  say  whether 
this  persistent  contraction  was  localized  to  the  neighbourhood  of  the  electrodes- 
but  it  did  not  cause  any  marked  shortening  of  the  muscle.  (2)  W^ith  very 
strong  currents  (over  ten  times  the  threshold  value),  even  though  the  duration 
was  shorter  than  O'OOl  second,  the  muscle  relaxed  slowly.     (3)   With  inter- 
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mediate  durations  (005  second),  even  with  weak  current  strengths  a  double 
twitch  of  the  muscle  was  often  observed.  (4)  With  weak  currents  of  less  than 
O'OOl  second  duration,  such  as  single  shocks  from  a  faradic  coil,  the  muscle 
twitch  showed  no  departure  from  the  normal.  Myographic  tracings  of  such 
muscle  twitches  gave  a  rapid  rise  and  fall  exactly  like  that  of  a  normal 
muscle. 

These  results  point  to  an  abnormality  in  the  muscle  fibre  rather  than  in 
the  nerve,  but  they  do  not  allow  us  to  go  any  farther  in  suggesting  the  nature 
of  the  abnormality. 


Current  Duration  (sec). 

Fig.  1. — Case  1.     "Chronaxie"  curves  for  (A)  flexor  carpi  radialis  iu  Case  1,  and  (B)  for 

normal  muscle. 


The  electromuociram. — The  action  current  in  the  deltoid  during  voluntary 
contraction  was  recorded  with  the  string  galvanometer.  Non-polarizable 
electrodes  (Zn,  ZnCl,  NaCl)  were  strapped  to  the  shoulder  and  the  patient 
was  made  to  contract  the  muscle  against  resistance.  A  typical  record  is  shown 
in  fig.  2.  This  gives  the  irregular  action  currents  at  the  beginning  of  the 
contraction  (fig.  2,  a),  and  the  more  regular  oscillations  occurring  after  the  con- 
traction had  been  maintained  for  two  and  a  half  seconds  (fig.  2,  6).  A  very 
irregular  rhythm  at  the  beginning  of  a  contraction  and  a  more  regular  one 
later  on  is  not  very  uncommon  in  a  normal  muscle,  though  the  regularity  in 
this  case  seems  to  be  greater  than  usual.  The  oscillations  have  the  normal 
frequency  of  about  fifty  a  second. 

The  most  interesting  part  of  these  records  occurred  when  the  patient  was 
told  to  stop  contracting.  The  large  oscillations  cease  in  about  lialf  a  second, 
and  after  this  the  string  shows  no  more  than  the  usual  very  small  irregularities 
which  are  present  when  the  muscle  is  at  rest  (fig.  2,  c).     The  muscle  does  not 
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relax  completely,  however,  until  ten  to  fifteen  seconds  after  the  order  to  stop. 
Thus  the  persistent  after-contraction  is  not  accompanied  by  an  oscillating 
electric  response  of  the  type  found  in  the  voluntary  contraction  ;  in  fact  it  is 
not  accompanied  by  any  electric  response  that  could  be  detected  by  the  means 
at  our  disposal.  (It  should  be  mentioned  that  we  were  not  working  with  a 
specially  sensitive  system.) 
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Fig.  2  (a,  i  and  c).-  Case  1.  Tracings  taken  by  string  galvanometer  of  the  voluntary 
contraction  of  the  deltoid  muscle  in  Case  1  (a)  at  the  beginning  of  contraction  ;  (6)  during 
contraction  ;  (c)  during  relaxation.  At  the  beginning  of  the  tracing  (c)  the  patient  was 
told  to  relax  the  muscle,  which,  however,  remained  in  contraction  for  about  ten  seconds 
longer,  although  the  nervous  stimuli  to  it,  as  shown  by  the  galvanometer  tracing,  ceased 
in  less  than  one  second.    The  waves  of  nervous  impulse  are  at  a  rate  of  about  fifty  per  second. 
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Fig.  3.  —  Case  1.  String  galvanometer  tracing,  showing  the  effect  of  direct  percussion  of 
the  deltoid  muscle.  A  single  wave  is  shown  by  the  galvanometer,  although  the  contraction 
of  the  muscle  persisted  for  several  seconds. 

The  same  holds  good  for  the  persistent  local  contraction  produced  by 
striking  the  muscle  with  a  percussion  hammer  (fig.  3).  The  blow  itself  caused  a. 
rapid  displacement  of  the  string,  which  may  have  l)een  due  to  a  shifting  of  the 
electrodes  or  may  have  been  a  single  action  current,  but  the  string  returned  to 
rest  long  before  the  local  contraction  had  subsided- 

The  absence  of  electric  response  in  the  myotonic  effect  can  be  most  simply 
explained  on  the  following  lines.  There  can  be  little  doubt  that  the  large 
electric  oscillations  are  due  to  impulses  of  nervous  origin  sweeping  through  the 
muscle.  These  cease  when  the  patient  stops  contracting  voluntarily.  The 
persistent  after-effect  in  the  myotonic  muscle  is  therefore  not  maintained  by 
impulses  from  the  central  nervous  system,  but  is  due  to  some  abnormality  in 
the  muscle  fibre.  A  persistent  contraction  of  this  type  need  not  be  associated 
with  any  form  of  electric  response,  for  even  in  the  single  twitch  of  a  normal 
muscle  the  action  current  is  over  some  time  before  the  muscle  has  relaxed. 
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These  results  bring  us  no  nearer  to  deciding  the  exact  mechanism  of  the 
persistent  after-contraction,  though  they  confirm  the  view  that  it  is  of  muscular 
and  not  of  nervous  origin.  It  might  be  thought  that  they  give  some  support 
to  the  doctrine  that  the  "  tonic  contraction  "  differs  from  a  tetanus  in  that 
it  is  not  associated  with  an  oscillating  electric  response.  This  doctrine  has 
been  the  subject  of  much  discussion  recently  [22],  and  we  do  not  propose  to 
deal  with  it  except  to  point  out  that  the  persistent  after-contraction  in 
myotonic  muscles  need  not  have  anything  to  do  with  the  long-continued,, 
postural  contractions  to  which  the  name  "  tonic "  is  commonly  applied.  A 
discussion  of  the  different  factors  which  may  be  involved  in  a  persistent  con- 
traction of  muscular  origin  is  given  in  a  recent  paper  by  Hartree  and  Hill  [23l 
on  "  The  Mechanism  of  the  Veratrin  Contraction." 
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Histological  examination  of  a  portion  of  excised  mnscle. — A  piece  of  the 
right  deltoid  muscle  removed  by  open  operation  was  fixed  in  formalin  saline 
and  embedded  in  celloidin  ;  sections  of  it  were  stained  with  alum  haematoxylin 
and  van  Gieson's  counterstain.  These  sections  showed  very  striking  altera- 
tions which  are  illustrated  in  fig.  4.  The  fibres  were  of  very  varying  size, 
ranging  from  8  /i-  to  150  /"■  in  transverse  diameter.  On  cross-section  almost 
all  were  of  rounded  outline,  and  the  connective  tissue  between  the  individual 
fibres  appeared  to  be  rather  thicker  than  normal.  On  longitudinal  section 
some  of  the  fibres  showed  localized  swellings,  which  were  associated  with  some 
loss  of  the  transverse  striation,  and  in  most  of  the  fibres  the  longitudinal 
striation  was  exaggerated.     The  sarcolerama  nuclei  were  much  more  numerous 
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Fig.  4c, 

Fig.  4  (a,  6  and  c). — Case  1.  (a)  Transverse,  and  (6  and  c)  longitudinal  sections  of  deltoid 
muscle.  Note  in  (n)  internal  nuclei  and  excess  of  connective  tissue  between  the  rounded 
fibres.  In  b  and  c  several  chains  of  internal  nuclei  are  seen,  some  of  which  are  surrounded 
by  a  clear  zone. 
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than  normal,  and  in  many  places  dark-staining  nuclear  masses  lay  between  the 
muscle  fibres.  Many  nuclei  were  also  seen  within  the  muscle  fibres — in  fact, 
almost  every  fibre  contained  some  nuclei  in  its  substance.  These  nuclei  were 
often  arranged  in  chains  running  down  the  centre  of  the  fibre. 

Three  stages  of  this  change  appeared  to  exist :  (l)  In  the  first  stage  the 
nuclei  are  elongated  and  lie  end  to  end,  separated  from  one  another  by  a 
definite  interval,  which  is,  however,  much  shorter  than  the  length  of  the 
nucleus.  (2)  In  the  second  stage  the  nuclei  are  oval  or  rounded,  and  lie  much 
closer  to  one  another,  so  that,  although  they  remain  separate,  there  is  no 
definite  interval  between  them.  (3)  The  third  stage  consists  of  the  apparent 
or  absolute  fusion  of  the  nuclei  to  form  beaded  rods,  sometimes  of  considerable 
length.  When  the  outline  of  the  individual  nuclei  can  be  traced,  they  are  seen 
to  be  wider  than  they  are  long,  and  either  oval  or  flattened  at  the  opposed 
surfaces  like  rouleaux  of  red-blood  corpuscles.  In  a  few  instances  two  such 
nuclear  rods  could  be  seen  lying  side  by  side,  but  in  most  cases  they  were 
single.  One  or  two  muscle  fibres  consisted  almost  entirely  of  such  a  beaded 
nuclear  rod,  to  which  the  sarcoplasm  formed  a  very  thin  covering. 

This  case  conforms  to  the  classical  descriptions  of  dystrophia 
myotonica  given  by  Batten,  Steinert  and  Curschmann,  in  almost  every 
respect.  With  a  well-marked  facies  myopathica  and  a  characteristic 
alteration  of  speech  there  is  muscular  atrophy  of  peculiar  distribution, 
greatest  in  the  sternomastoids,  the  muscles  of  the  forearms  and  the 
muscles  on  the  antero-lateral  aspect  of  the  legs ;  active  myotonia  is 
most  prominent  in  the  hand-grasps,  mechanical  myotonia  is  of  wider 
distribution,  and  a  typical  myotonic  after-contraction  on  electrical 
stimulation  is  present  in  a  few  muscles  only.  There  are  numerous 
general  dystrophic  phenomena,  including  baldness,  atrophy  of  the 
testicles  with  loss  of  sexual  power,  loss  of  body  weight,  acrocyanosis 
and  mcreased  secretion  of  tears  ;  all  the  tendon  reflexes  in  the  upper 
limbs  and  the  knee-jerks  are  abolished. 

Case  2. — John  E.,  aged  31,  was  admitted  to  the  National  Hospital,  Queen 
Scjuare,  under  the  care  of  one  of  us,  in  August  1922,  complaining  of  "  difficulty 
in  letting  things  go"  and  "stiffness  in  the  legs"  of  seven  yeai's  duration. 
Apart  from  an  attack  of  influenza  in  1917,  he  was  always  healthy  ;  prior  to 
the  outbreak  of  the  Great  War  he  worked  as  a  hairdresser  and  played  football 
as  a  professional.  Soon  after  joining  the  Army  in  1914  lie  underwent  an 
examination  in  rifie  drill  for  promotion  :  during  this  examination,  when  he  was 
bent  on  carrying  out  the  various  movements  smartly,  he  suddenly  found  him- 
self unable  to  witlidraw  liis  hand  from  his  rifie  which  he  had  just  brought  to 
the  slope-arms  position,  and  since  then  this  difliculty  in  relaxing  a  firm  grasp 
has  persisted.  He  was  not  promoted,  but  his  defect  did  not  prevent  him  from 
completing  his  military  training  and  proceeding  to   Gallipoli,  where   he  was 
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wounded  at  the  landing.  After  his  discharge  he  returned  to  his  former 
occupation,  but  he  found  that  his  work  was  slow  and  that  his  earning  capacity 
was  greatly  diminished  ;  lie  could  work  with  the  scissors  fairly  well,  hut  the 
hair-clipping  machine  caused  difficulty  because  the  grip  had  to  be  firm.  He 
continued  to  play  football  once  a  week  for  an  amateur  team  ;  his  game  was 
not  so  good  as  it  used  to  be,  but  he  could  still  "give  most  of  them  points," 
and  the  old  professional  enjoyed  his  game  with  the  amateurs  because  he  was 
able  "  to  run  rings  round  them."  Occasionally  when  he  began  to  run  his 
feet  "  buckled  up,"  "  the  toes  turned  down  and  the  foot  became  hollow,"  "  it 
was  a  sort  of  spasm."  The  spasm  was  not  painful,  but  he  was  obliged  to  stand 
still  for  a  minute  or  so  until  it  relaxed.  Like  the  difficulty  in  the  hand,  which 
diminishes  with  repetition  of  the  movement  whicli  caused  it,  this  spasm  in  the 
feet  was  only  troublesome  at  the  beginning  of  a  game.  He  has  noticed  that 
if  he  sits  in  a  squatting  position  for  a  few  minutes  lie  is  unable  to  rise  again 
without  assistance  because  of  "  a  stiffness  in  the  knees." 

His  speech  is  not  so  clear  as  it  used  to  be :  sometimes  when  he  bites 
anything  hard  the  muscles  of  the  jaw  go  stiff,  and  he  often  notices  a  stiffness 
in  the  jaws  when  he  chews  his  food,  so  that  he  is  forced  to  masticate  slowly  ; 
sometimes,  too,  food  sticks  in  the  back  of  his  throat  and  refuses  to  go  down. 
He  has  lost  more  than  a  stone  in  weight  during  the  last  year,  his  hands  are 
always  blue  and  cold.  Apart  from  the  troubles  already  mentioned  he  has 
nothing  to  complain  of  and  feels  perfectly  well.  His  father  died  of  diabetes  at 
the  age  of  61,  his  mother  is  still  alive  and  well ;  one  brother,  two  step-brothers 
and  three  sisters  are  all  healthy  ;  all  of  them  have  married  and  two  of  them 
have  several  healthy  children.  He  has  a  healthy  son  aged  4.  He  knows 
nothing  of  his  other  relations 

On  examination  :  Height  5  ft.  7  in.,  weight  9  st.  Skull  of  normal  size 
and  form  ;  face  very  narrow,  prominent  cheek  bones,  deep  temporal  hollows, 
hollow  cheeks,  slightly  drooping  lids,  rather  thick  slightly  pursed  lips  ;  fore- 
head greasy  ;  large  well-formed  prominent  ears  ;  conjunctivae  not  injected,  no 
watering  of  the  eyes  ;  tongue  small  and  deeply  wrinkled ;  palatal  arch  very 
high  and  very  narrow ;  many  teeth  missing,  remainder  decayed ;  no  pro- 
gnathism ;  hair  on  head  black,  marked  frontal  baldness,  thick  dark  eyebrows, 
dark  beard,  shaves  daily ;  thyroid  very  small ;  a  few  dark  hairs  on  the  chest, 
axillary  and  pubic  hair  normal  in  amount  and  distribution,  arms  and  legs 
almost  hairless ;  nipples  deeply  pigmented,  skin  on  neck  and  upper  part  of 
trunk  shows  uniform  brownish  pigmentation  ;  testicles  very  small,  especially 
the  left,  and  very  soft,  penis  large ;  hands  cold  and  blue,  finger  nails  ridged 
longitudinally,  lunula  visible  in  right  thumb-nail  only  ;  texture  of  skin  normal, 
moderate  amount  of  subcutaneous  fat. 

Heart  apex  beat  in  fifth  space,  h  in.  internal  to  the  nipple  line  ;  sounds 
feeble,  pulse  regular,  72  per  minute,  arteries  healthy.  Urine :  specific  gravity 
1015,  contains  no  albumin  or  sugar.  Lungs  healthy.  Has  great  difficulty  in 
getting  the  bowels  to  act,  abdominal  viscei'a  otherwise  healthy.  Wassermann 
reaction  in  blood  and  cerebrospinal  fluid  negative.     The  latter  was  clear  and 
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colourless,  contained  3  cells  per  c.mm.,  and  total  protein  0'02o  per  cent. 
Nonne-Apelt  test  negative.     Lange  0001110110. 

Nervous  and  muscular  systems  :  Patient  is  intelligent  and  well-informed, 
takes  an  active  interest  in  passing  events  and  discusses  them  freely  with  his 
comi-ades ;  he  is  rather  reticent  ahout  his  illness  and  is  inclined  to  resent 
examination,  but  it  cannot  be  said  that  he  sliows  any  marked  temperamental 
or  psychical  defects.  Speech  is  low  toned,  monotonous  and  slightly  muflfled. 
Vision  t  in  both  eyes,  media  and  fundus  normal,  no  cataract.  Hearing,  smell  and 
taste  normal.  Pupils  of  moderate  size,  react  well  to  light  and  on  convergence ; 
range  of  ocular  movements  complete,  no  nystagmus ;  corneal  reflexes  brisk  and 
equal ;  temporal  muscles  wasted,  masseters  small  and  soft,  forehead  free  from 
wrinkles  ;  slight  ptosis  of  both  lids,  complete  lack  of  emotional  movement  of 
face:  in  conversation,  distinct  weakness  of  all  the  facial  muscles  in  voluntary 
movement,  greatest  in  the  orbiculares  oculi  ;  no  Chvostek's  sign  ;  soft  palate 
thin,  does  not  move  well  on  phonation,  palatal  reflex  present  ;  the  tongue  is 
small  and  deeply  wrinkled  but  its  movements  are  normal :  on  percussing  the 
edge  of  the  tongue  a  deep  dimple  forms  and  persists  for  several  seconds.  The 
sternomastoids  are  weak  and  much  wasted  ;  there  is  no  appreciable  weakness 
or  wasting  of  any  other  muscle.  The  muscles  ai'e  moderately  firm  to  the 
touch  and  the  limbs  offer  a  normal  amount  of  resistance  to  passive  move- 
ments. There  is  no  inco-ordination  of  movement  and  rapid  alternating  move- 
ments are  well  performed. 

The  tendon  reflexes  in  the  arms  and  legs  are  absent  ;  abdominal  reflexes 
brisk  and  equal  on  the  two  sides ;  plantar  reflexes  flexor.  No  subjective 
or  objective  sensory  disturbances :  sphincters  normal.  Gait  normal,  no 
rombergism. 

Myotonia. — Active  myotonia  is  demonstrable  in  the  hand  grasps  only,  the 
difiiculty  in  opening  the  hand  is  greatest  at'  the  first  efi"ort  and  diminishes 
rapidly  with  repetition  ;  mechanical  myotonia  :  on  striking  the  muscles  with  a 
percussion  hammer,  typical  myotonic  contractions  were  obtained  in  the  tongue 
and  in  all  the  accessible  muscles  of  the  upper  and  lower  limbs ;  it  was  not 
found  in  any  of  the  trunk  muscles. 

Electrical  reactions.— To  direct  and  indirect  faradism  the  reactions  were 
normal  except  for  a  diminution  in  the  sternomastoids  to  direct  stimulation. 
To  direct  galvanic  stimulation  the  response  in  all  the  accessible  limb  muscles 
was  abnormal  in  that  contractions  did  not  occur  at  make  and  break  only  but 
persisted  as  long  as  the  current  was  passing  ;  in  the  flexors  of  the  forearms  the 
contraction  persisted  after  the  stimulus  was  withdrawn,  but  in  all  the  other 
muscles  relaxation  occurred  with  cessation  of  the  stimulus. 

In  this  case  the  diagnosis  is  founded  on  the  association  of  muscular 
atrophy  of  peculiar  distribution — facias  myopathica  and  atrophy  of  the 
sternomastoids — with  active  myotonia  most  conspicuous  in  the  hand- 
grasps,  reactive  myotonia  of  wider  distribution,  and  a  number  of  general 
symptoms  including  atrophy  of  the  testicles,  baldness,  and  acrocyanosis. 
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Case  3. — Edith  B,,  aged  41,  a  children's  nurse,  was  admitted  to  the 
National  Hospital,  Queen  Square,  under  the  care  of  Dr.  Eisien  Russell,  in 
November,  1922,  for  "sudden  falls  and  weakness  "  of  four  years'  duration.  She 
enjoyed  perfect  health  until  four  years  ago,  when  she  began  to  "  fall  to  the 
ground  helpless  two  or  three  times  every  day."  The  attacks,  which  were 
regarded  as  "  a  kind  of  fit,"  came  on  without  warning  and  without  apparent 
cause  ;  consciousness  was  unaffected,  but  the  whole  body  became  I'igid,  and  she 
was  quite  helpless  for  a  minute  or  twO;  she  then  rose  to  her  feet  again,  feeling 
none  the  worse  for  the  attack.  At  that  time  she  was  "  able  to  walk  miles,"  and 
she  had  not  detected  any  weakness  in  the  limbs.  This  went  on  for  three 
months  ;  she  then  went  to  a  doctor,  on  whose  advice  she  had  all  her  teeth 
removed  ;  after  this  the  falls  became  much  less  frequent. 

About  a  year  ago  she  began  to  tire  easily  in  walking,  and  had  difficulty  in 
climbing  stairs.  About  the  same  time  she  noticed  that  if  she  grasped  an  object 
firmly,  the  hand  "  shut  up  tightly,  and  would  not  open  again."  Sometimes  the 
right  hand  closed  up  of  its  own  accord  and  remained  closed  for  a  minute  or 
more. 

Apart  from  general  weakness  and  the  spasms  in  the  liands,  she  feels 
perfectly  well.  She  has  lost  a  lot  of  weight  during  the  last  few  years  ;  the 
arms  and  legs  are  much  thinner  than  they  used  to  be,  and  her  facial  appearance 
has  altered ;  her  hair  is  faUing  out  freely,  her  voice  is  not  so  clear  as  it  used  to 
be ;  she  has  never  had  a  friend  of  the  male  sex,  and  the  thought  of  marriage 
has  never  appealed  to  her ;  the  menstrual  periods  are  still  regular ;  she  sees 
well  with  glasses  ;  she  has  never  noticed  any  increase  in  the  amount  of  sputum, 
sweat,  or  tears ;  the  hands  are  always  blue  and  cold. 

She  liad  been  very  healthy  until  the  present  trouble  began.  Her  father 
died  of  tuberculosis  at  the  age  of  58,  her  mother  of  cancer  at  the  age  of  76  ; 
she  has  four  brothers — two  are  healthy,  but  two,  one  older  and  one  younger 
than  herself,  suffer  from  the  same  disease  as  herself.  They  have  the  same 
"  woe-begone  "  expression — one  of  them  cannot  close  his  eyes,  and  both  of 
them  are  getting  gradually  weaker.  So  far  as  she  knows,  they  have  never  had 
any  difficulty  in  letting  things  go.  She  has  never  heard  of  any  muscular  or 
nervous  trouble  in  any  other  member  of  the  family,  or  of  cataract. 

Condition  on  examination. — Height  5  ft.  3  in.;  weight  6  st.  ;  skull  of  normal 
size  and  shape;  ears  small,  well-formed;  face  lacks  expression,  deep  temporal 
hollows,  sunken  cheeks,  smooth  forehead,  drooping  lids,  slightly  pursed  lips, 
edentulous,  very  high,  narrow,  hard  palate ;  hair  on  head  scanty,  light  brown, 
becoming  grey ;  axillary  and  pubic  hair  normal  in  amount  and  distribution, 
other  parts  hairless  ;  thyroid  gland  enlarged  and  firm,  breasts  normal  ;  hands 
cold  and  blue ;  nails  brittle — "  I  try  to  get  them  long,  but  they  always  break 
off" — no  lunulas ;  skin  healthy,  very  little  subcutaneous  fat.  Abdominal  and 
thoracic  viscera  healthy.  Blood  count :  Red  blood  cells,  5,600,000 ;  haemo- 
globin, 100  per  cent. ;  white  blood  cells,  6,650 ;  polymorphonuclear  cells, 
5C'5  per  cent. ;  lymphocytes,  34*5  per  cent. ;  hyaline,  5"5  per  cent. ;  eosino- 
phils, 0'5  per  cent. 
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The  patient  is  intelligent,  has  a  very  good  memory,  makes  an  excellent 
witness,  and  is  a  pleasant  person,  entirely  free  from  the  temperamental  defects 
which  are  so  common  in  this  disease.  Speech  is  low-toned,  monotonous,  and 
muffled.  Hearing,  smell,  and  taste  are  normal.  Vision  fj,  with  glasses  right 
and  left. 

"  In  the  right  eye  the  periphery  of  the  lens  shows  a  complete  ring  of  dust- 
like opacities  lying  mostly  anterior,  with  one  or  two  streaks  radiating  from  the 
periphery  and  lying  posterior  to  the  ring  of  opacities.  In  the  left  lens  the  same 
dust-like  opacities  and  the  same  radiating  streaks  are  seen."    (Mr.  Leslie  Paton.) 

Pupils  of  moderate  size,  equal,  regular  in  outline,  react  well  to  light  and  on 
convergence ;  range  of  ocular  movements  complete,  no  nystagmus,  diplopia,  or 
strabismus.  Corneal  reflexes  present ;  extreme  wasting  of  the  temporal 
muscles,  masseters  small,  but  firm,  no  difficulty  in  chewing.  Typical  myo- 
pathic face,  with  weakness  of  all  the  facial  muscles,  especially  the  orbiculares 
oculi ;  no  Chvostek's  sign.  Soft  palate  not  unduly  thin,  palatal  reflex  present, 
no  difficulty  in  swallowing.  Tongue  small,  movements  of  good  range  and 
power,  well-marked  myotonic  after-contraction  on  percussion. 

The  sternomastoids  show  extreme  atrophy,  and  all  the  movements  of  the 
neck  are  very  weak  ;  when  she  is  lying  down,  the  head  cannot  be  raised  from 
the  pillow,  and  if  the  trunk  is  raised  passively  the  head  falls  back  ;  the  muscles 
of  the  trunk  and  of  the  shoulder  and  pelvic  girdles  are  small,  but  not  obviously 
wasted,  and  their  power  is  retained  :  atrophy  is  severe  in  the  forearms  and  in 
the  small  muscles  of  the  hands,  and  all  these  muscles  are  very  weak,  especially 
the  extensors  of  the  wrists  and  fingers ;  in  the  lower  limbs  there  is  severe 
atrophy  of  all  the  muscles  below  the  knee  and  of  the  vasti  of  the  thighs  ;  the 
power  of  dorsiflexion  of  the  foot  is  almost  lost. 

All  the  tendon  reflexes  in  the  upper  and  lower  limbs  are  present,  but  they 
are  very  feeble;  the  abdominal  reflexes  are  brisk:  the  plantar  response  is 
normal.     No  objective  sensory  disturbance  was  detected. 

Active  myotonia  is  confined  to  the  hand-grasps,  mechanical  myotonia  is 
present  in  the  tongue,  deltoids,  and  thighs. 

Tiie  patient  walks  slowly  on  a  wide  base  with  the  eyes  directed  to  the 
ground  and  with  a  definite  "  steppage  "'  gait. 

There  is  no  sphincter  disturbance. 

Histological  examination  of  a  portion  of  excised  muscle. — Pieces  of  the  right 
deltoid  muscle  removed  by  open  operation  were  fixed  in  5  per  cent,  triclilor- 
acetic  acid,  and  in  10  per  cent,  formalin  saline  solution.  The  former  fixative 
was  employed  as  being  that  which  Heidenhain  used  to  demonstrate  the  appear- 
ance of  coils  of  muscle  fibril  round  the  muscle  fibres  (f.  infra).  We  were, 
however,  unable  after  prolonged  searching  to  see  anything  resembling  this 
phenomenon.  This  fixative  seemed  to  produce  considerable  swelling  of  the 
muscle  fibres,  and  we  therefore  base  our  description  of  the  liistological  appear- 
ances of  this  muscle  on  sections  of  the  piece  fixed  in  formalin  saline.  These 
revealed  comparatively  slight  alterations  from  the  normal.  The  muscle  fibres 
appeared  to  be  unduly  rounded,  and   the  sarcolemma  nuclei  were  definitely 
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increased  in  number.  ^lany  of  the  fibres  contained  central  nuclei  and  these 
were  often  arranged  in  chains  corresponding  to  the  first  stage  described  in 
Case  1.  But  in  many  fibres  no  central  nuclei  could  be  seen.  A  few  of  the 
fibres  were  shrunken,  stained  a  browner  colour  than  usual  with  van  Gieson's 
counterstain,  and  contained  a  large  number  of  nuclei  within  them.  The 
majority  of  the  fibres  were  of  normal  tiiickness,  and  in  none  could  we 
demonstrate  any  loss  of  the  transverse  or  increase  of  the  longitudinal 
striation. 

Case  i. — The  patient  came  under  observation  at  the  National  Hospital  in 
1906  when  he  was  24  years  of  age,  and  was  described  by  Batten  and  Gibb 
(Case  5)  in  their  original  paper  on  myotonia  atrophica.  He  died  at  the  age  of 
39  years  in  tlie  Infirmary  of  St.  Mary's,  Islington,  in  1921,  and  through  the 
kindness  of  the  Superintendant,  Dr.  Arthur  Robinson,  one  of  us  was  able  to 
perform  a  post-mortem  examination  thirty-six  hours  after  death. 

Post-mortem  examination. — The  body  was  extremely  thin  and  emaciated. 
There  was  a  rounded  kyphosis  in  the  upper  thoracic  region.  The  limbs  were 
greatly  atrophied,  especially  below  the  knees  and  elbows. 

The  brain  and  spinal  cord  were  removed  and  showed  no  abnormality  to 
the  naked  eye.  The  thyroid  gland  appeared  to  be  normal.  The  right  lung 
was  adherent  to  the  pleura  all  over,  especially  at  its  apex,  and  was.  densely 
infiltrated  all  through  with  recent  pein-bronchial  tuberculosis.  At  its  apex 
there  was  a  small  tubercular  cavity  the  size  of  a  walnut.  The  right  lung 
showed  some  old  and  recent  tuberculosis  at  its  apex  but  not  elsewhere. 

The  heart  was  healthy  and  there  was  very  little  atheroma  of  the  aorta. 
The  liver  was  normal ;  the  spleen  was  enlarged  and  congested  but  presented  no 
sign  of  tuberculosis.  The  kidneys  were  healthy.  The  suprarenal  glands  were 
of  normal  size,  their  cortex  in  places  was  of  a  greyish  colour,  contrasting  with 
other  areas  which  showed  the  normal  light  brick  colour  ;  the  medulla  was 
normal.     The  stomach  and  intestines  showed  no  abnormality. 

Muscles :  The  sternomastoids  of  both  sides  were  represented  only  by  a 
very  thin  band  of  fibres  just  under  the  skin,  which  was  much  smaller  than 
the  omo-hyoid  muscle.  The  muscles  of  the  forearms,  and  especially  the  small 
muscles  of  the  hands  and  the  anterior  tibial  and  peroneal  groups,  were  very 
pale  and  atrophied.  Some  of  the  bundles  of  the  erector  spinas  group  were  also 
very  pale,  whereas  others  presented  the  normal  colour  and  consistence.  The 
abdominal  muscles  and  the  hamstrings  were  well  developed  and  dark  in 
colour. 

Pieces  of  various  organs,  muscles  and  nerves  were  preserved  in  10  per  cent, 
formalin  saline  solution  for  further  examination. 

Microscopic  examination. — Sections  of  the  right  lung  showed  the  appear- 
ances of  early  tubercular  broncho-pneumonia,  with  only  the  earliest  stages  of 
caseation  and  very  few  tubercular  giant  cells.  No  tubercle  bacilli  were  found 
in  the  sections. 

The    pituitary    gland    contained    a    great    excess    of    colloid    in    the    pars 
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Fig.  5.  — Case  4.     Cortex  of  suprarenal  in  Case  4  stained  by  Scharlach  R.  and  ha?mat- 
oxylin,  showing  the  very  irregular  distribution  of  the  cortical  lipoid. 
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Fig.  6. — Case  4,     Pars  anterior  hypophysis  in  Case  4,  showing  numerous  particles 
of  colloid  in  the  gland  acini. 
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intermedia,  and  fairh  numerous  small  acini  tilled  with  colloid  in  the  pars 
anterior. 

The  suprarenal  glands  showed  a  very  patchy  distribution  of  the  cortical 
lipoid.  In  places  there  was  none  at  all,  whereas  in  others  it  was  abundant. 
The  medullary  substance  appeared  to  be  normal. 

Central  nervous  system. —  Sections  of  brain-stem  and  spinal  cord  stained  by 
the  Kultschitsky-Pal  method  for  myelin  sheaths  showed  no  degeneration  either 
of  fibre  tracts  or  of  nerve  roots.  There  was  certainly  no  trace  of  degeneration 
of  the  dorsal  columns  of  the  cord.  Sections  stained  by  toluidin  blue  showed 
that  the  Nissl  granules  were  everywhere  well  preserved.  The  motor  cells  of 
the  cord  in  the  cervical  and  lumbar  enlargements,  as  elsewhere,  were  of  the 
normal  polygonal  shape  and  their  Nissl  granules  large  and  angular.  They 
contained  no  excess  of  lipochrome. 

By  hifimatoxylin  van  Gieson  staining  there  appeared  to  be  slight  thickening 
of  the  pia-arachnoid  in  the  cervical  region,  and  there  was  also  an  excess  of 
small  round  cells  in  the  dorsal  and  ventral  roots  and  in  the  perivascular  channels 
of  the  larger  veins  at  this  level.  This  change  may  be  probably  accounted  for 
by  the  pleurisy  and  tubercular  broncho-pneumonia  from  which  the  patient 
died. 

The  sciatic,  median  and  musculospiral  nerves  stained  by  the  Weigert-Pal 
(Kultschitzky-Pal)  method  and  by  haemotoxylin  with  van  Gieson's  counterstain 
were  found  to  be  healthy. 

Muscles  :  Pieces  of  muscle  from  various  parts  of  the  body  were  embedded 
in  celloidin  after  fixation  in  10  per  cent,  formalin  saline  solution,  and  the 
sections  stained  by  alum  hsematoxylin  and  van  Gieson's  counterstain.  Some 
of  the  muscles  sliowed  great  change,  others  little  departure  from  the  normal. 
The  latter  will  be  described  first. 

The  biceps  flexor  cruris  and  triceps  were  practically  normal.  In  them  the 
nuclei  were  confined  to  the  sarcolemma  sheatli  and  were  not  unduly  numerous. 
The  fibres  on  cross  section  were  polygonal  in  shape  and  on  longitudinal  section 
showed  the  cross  striation  perfectly.  Some  pieces  of  the  erector  spinye  gi'oup 
examined  were  comparatively  healthy.  In  other  pieces  some  of  the  fibres 
were  thinner  and  the  nuclei  more  numerous  than  normal,  while  others  had 
swollen  to  about  four-thirds  of  their  normal  size  and  showed  an  excessive 
number  of  sarcolemma  nuclei  both  in  the  sheath  and  within  the  substance  of 
the  fibres ;  tliese  nuclei  did  not  form  chains  within  the  fibre  guch  as  were 
seen  in  more  affected  muscles.  In  these  large  fibres  the  transverse  striation 
was  less  apparent  and  the  longitudinal  striation  more  apparent  than  normal. 

Some  parts  of  the  sartorius  were  normal,  with  the  exception  that  they  con- 
tained here  and  there  groups  of  fibres  of  rounded  outline  which  were  furnished 
with  an  undue  number  of  sarcolemma  nuclei ;  other  parts  consisted  of  only  a 
few  rounded  muscle  fibres  lying  together  in  the  middle  of  fatty  tissue.  In 
these  fibres  the  sarcolemma  nuclei,  although  excessive,  were  almost  all  confined 
to  the  surface. 

The  sternomastoid  showed   an  analogous  condition.      Those  parts  of  the 
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muscle  which  remained  appeared  practically  normal.  In  other  parts  no  muscle 
fibres  were  present,  their  place  being  taken  by  connective  tissue  and  fat,  but  it 
was  clear  from  the  number  of  nerves  and  small  arteries,  and  from  the  occa- 
sional presence  of  a  mviscle  spindle,  that  the  tissue  had  originally  been  muscle. 
Between  the  healthy  muscle  and  the  areas  from  which  it  had  disappeared  there 
was  a  zone  in  which  the  muscle  fibres  became  more  and  more  sparse,  until 
only  single  rounded  fibres  were  found  in  an  area  of  connective  tissue  and  nerve 
fibres.  This  gradual  transition  made  it  clear  that  the  healthy  muscle  was 
really  the  sternomastoid  and  not,  as  at  first  appeared  possible,  a  piece  of 
overlying  platysma  which  had  been  included  with  the  sternomastoid. 

The  peroneal  group  showed  no  gross  atrophy  of  the  muscle,  but  there  were 
definite  changes  in  the  muscle  fibres.  Most  of  them  were  fairly  large  and 
some  were  swollen  up  to  100  /"-  and  120  ^l,  which  was  the  largest  fibre 
measured  in  any  muscle  in  this  case.     In  these  large  fibres  the  cross  striation 
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Fig.  7. — Case  4.     Longitudinal  section  of  peroneal  muscle  in  Case  4,  showing 
chains  of  internal  nuclei. 

was  usually  poorly  marked  but  still  apparent,  and  on  cross  section  many  of 
them  showed  clear  or  relatively  pale  central  areas.  Some  such  fibres  had 
broken  up  into  leashes  of  thin  fibres. 

Many  of  the  muscle  fibres  in  this  group  of  muscles  contained  chains  of 
nuclei  similar  to  those  described  in  the  deltoid  muscle  in  Case  1.  The 
majority  of  these  chains  corresponded  to  the  first  stage  as  there  described,  a 
smaller  number  approximating  to  stage  (2). 

The  tibialis  anticus  and  long  extensors  of  the  toes  were  almost  completely 
atrophied.  In  only  one  or  two  places  were  there  small  groups  of  medium-sized 
rounded  muscle  fibres  lying  singly  in  the  connective  tissue.  Most  of  these 
fibres  showed  a  few  central  sarcolemma  nuclei,  but  none  on  the  outside  of  the 
fibre.  It  was  only  possible  to  trace  the  origin  of  the  rest  of  the  tissue  from 
muscle  by  the  excessive  number  of  small  nerves  and  blood-vessels  which  it 
contained,  and  by  the  occasional  presence  of  a  muscle  spindle  near  these.    The 
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latter,  although  preserved  more  than  the  muscle  fibres,  were  for  the  most  part 
atrophied  to  some  extent,  showing  only  one  or  two  fine  muscle  fibres  in  an 
overgrown  ring  of  connective  tissue.  One  perfectly  normal  muscle  spindle  was 
found,  however,  in  an  area  from  which  all  the  muscle  fibres  had  disappeared. 
This  group  of  muscles  undoubtedly  showed  the  greatest  degree  of  atrophy  of 
any  examined  in  this  case. 

In  the  fiexor  sublimis  digitorum  most  of  the  muscle  fibres  were  preserved, 
but  showed  great  variation  in  thickness.  The  largest  seen  measured  75/^-,  and 
numerous  thin  fibres  which  appeared  to  arise  by  longitudinal  fissuring  of  the 
larger  fibres  were  present.     The  sarcolemma  nuclei  were  in  great  excess,  and 
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Fig.  8. — Case  4.     Transverse  section  of  tibialis  anticus  muscle  in  Case  4,  showing  a  few 
muscle  fibres  (m)  persisting  in  the  midst  of  dense  fibrous  tissue, 

central  chains  of  nuclei  similar  to  those  seen  in  the  peroneal  group  were  very 
abundant  and  striking.  In  some  places  the  nuclei  of  the  sheath  were  pro- 
liferated to  form  dense  purple  masses  between  the  muscle  fibres  (fig.  9,  h).  In 
a  few  of  the  muscle  fibres  the  cross  striation  was  less  apparent  than  normal, 
but  this  change  had  no  relation  to  the  number  of  nuclei  either  in  or  within  the 
sheath. 

The  small  muscles  of  the  thumb  normally  contain  a  considerable  amount 
of  fibrous  tissue  between  the  muscle  fibres,  but  in  this  case  the  fibrosis 
appeared  to  be  excessive,  so  that  most  of  the  fibres  were  rounded  and  isolated 
from  one  another  by  fibrous  tissue.  Some  of  the  fibres  showed  longitudinal 
fissuring,  and  in  a  certain  number  central  chains  of  nuclei  were  seen,  but  these 
were  not  so  numerous  or  so  long  as  those  in  the  peronei  and  the  long  flexors 
of  the  fingers.     The  largest  muscle  fibres  seen  in  this  group  measured  75  fi,  the 
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smaller  ones  measured  20  /^  or  less.  In  places  the  muscle  fibres  appeared 
to  be  replaced  by  fibrous  tissue.  A  few  muscle  spindles  were  present  in  these 
areas  of  atrophy,  but  they  were  very  scarce  and  difficult  to  find. 
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Fig.  96. 
Fig.  9  («  and  b).—  Casr  4.     Sectious  of  flexor  sublimis  digitorum  muscle  in  Case  4.     In 
(a)   a   large  fibre    with    large   internal  nuclei  is  seen  in  transverse    section.     In  (b)  similar 
internal  nuclei  are  seen  in  longitudinal  section,  and  there  are  dense  collections  of  nuclei 
between  the  muscle  fibres. 


III. — General  Description  of  the  Disease. 

Onset  and  Course. 

The  age  of  onset  is  usually  between  20  and  35  years  ;    occasionally 

it  occurs  in  the  late  'teens  and  in  rare  instances  even  earlier  ;  Hauptmann 

[25]  and  Grund  [20]  have  each  described  a  case  in  which  symptoms 

appeared  at  the  age  of  10  years. 
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In  a  surprisingly  large  number  of  reports  the  statement  is  made  that 
the  patient  had  been  unusually  proficient  in  athletics  or  gymnastics. 
One  of  our  patients  was  a  long-distance  walker,  another  a  professional 
footballer  :  this  seems  to  prove  that  in  some  of  the  cases  at  least  the 
muscles  are  perfectly  healthy  during  youth  and  early  manhood.  The 
mode  of  onset  varies  greatly  ;  in  many  instances  it  is  insidious,  coming 
on  without  any  apj)arent  exciting  cause  and  the  patient  is  unable  to  set 
a  date  to  the  first  appearance  of  his  trouble  ;  in  others,  especially  when 
some  form  of  myotonic  disturbance  has  been  the  first  symptom,  the 
onset  is  sudden  and  dramatic  and  its  exact  date  is  known.  In  a 
number  of  cases  some  feverish  illness  has  served  to  disclose  a  weakness 
of  the  muscles  that  had  not  been  noticed  before ;  in  our  first  case  and 
in  cases  described  by  Batten,  Rossolimo,  Hoffmann,  Curschmann, 
Eohrer,  Riilf  and  others,  severe  pains  in  the  limbs  have  been  a  con- 
spicuous feature  in  the  early  stages  ;  the  nature  of  these  pains  is 
obscure  but  they  are  certainly  frequent,  and  although  they  have  not 
received  special  mention  by  previous  writers  it  seems  to  us  that  they 
might  well  be  included  amongst  the  characteristic  features  of  the 
disease. 

According  to  liohrer's  statistics  the  first  subjective  symptom  has 
been  myotonia  or  weakness  in  about  an  equal  number  of  cases,  but  this 
does  not  decide  the  old  question  of  priority  of  symptoms,  for  objective 
examination  often  discloses  the  presence  of  one  or  the  other,  although 
it  has  given  rise  to  no  subjective  disturbance.  In  our  patient,  J.R., 
myotonic  symptoms  have  been  present  for  seven  years  and  although 
there  is  atrophy  of  the  face  and  neck  muscles  the  limbs  are  strong 
and  he  makes  no  complaint  of  weakness ;  other  cases  have  been 
described  in  which  myotonia  has  preceded  weakness  by  an  even 
longer  interval.  Moreover,  undoubted  cases  of  dystrophia  myotonica 
have  been  described  in  which  myotonia,  was  a  prominent  symptom 
whilst  weakness  and  atrophy  were  entirely  absent ;  in  some  cases 
then  myotonia  certainly  appears  first.  Those  who  oppose  the  con- 
tention that  it  always  appears  first,  and  practically  every  modern 
writer  on  the  subject  is  included  in  this  category,  base  their  opinion 
on  the  findings  in  a  few  advanced  cases  in  which  myotonic  signs  could 
not  be  demonstrated  at  the  time  of  examination  of  patients  who  gave 
no  history  of  myotonic  symptoms ;  but  many  patients  in  whom 
myotonia  can  be  demonstrated  objectively  have  never  had  subjective 
symptoms  ;  objective  myotonia  is  notoriously  variable,  and  it  tends 
to   disappear   in  the  late   stages  when  atrophy  is  severe  ;    absence  of 
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myotonia  therefore  has  not  the  same  evidential  value  as  absence  of 
atrophy,  hence  we  conclude  that  myotonia  certainly  appears  first  in 
some  cases  and  probably  in  all,  whereas  there  is  no  proof  at  present 
that  it  may  be  preceded  by  muscular  atrophy.  Further  reference  to 
the  site  and  mode  of  onset  of  muscular  atrophy  and  myotonia  will  be 
made  in  the  following  chapter. 

The  course  of  the  disease  is  usually  extremely  slow ;  our  patient, 
W.  A.,  however,  was  severely  incapacitated  within  a  year  of  the  onset, 
and  the  same  rapid  course  was  observed  by  Hauptmann  in  a  man  who 
had  served  in  the  trenches  for  a  long  period  during  the  Great  War  ; 
within  a  year  of  the  onset  weakness  and  atrophy  were  widespread  and 
severe.  Life  is  rarely  prolonged  after  the  45th  year ;  the  oldest 
patient  in  the  records  is  one  of  Oppenheim's  who  lived  to  the  age  of 
50.  Tuberculosis  has  been  named  as  the  commonest  cause  of  death  ;  it 
was  the  cause  in  our  patient  F.  W.,  but  Fleischer  denies  that  it  is 
common ;  in  many  cases  death  seems  to  have  been  the  result  not  of 
intercurrent  disease,  but  of  that  curious  "  asthenia "  which  so  often 
supervenes  in  chronic  disease  of  the  muscular  and  nervous  systems. 

(2)  Muscular  Atrophy  and  Myotonia. 

An  examination  of  a  large  number  of  patients  suffering  from  dys- 
trophia myotonica,  with  special  reference  to  the  extent  and  intensity  of 
muscular  atrophy  and  myotonia,  reveals  the  fact  that  these  show  con- 
siderable variations.  At  one  end  of  the  series  there  are  cases  in  which 
atrophy  is  widespread  and  severe  and  many  muscles  are  myotonic  ;  in 
an  intermediate  position  there  are  many  in  which  one  is  severe  whilst 
the  other  is  slight,  or  both  are  present  in  a  minor  degree,  and  every 
gradation  is  encountered  until  we  come  to  the  rare  cases  in  which  one 
or  the  other  is  absent.  Hence,  although  a  bare  knowledge  of  the  facts 
that  muscular  atrophy  is  usually  found  in  the  face,  neck  and  forearms, 
and  that  myotonia  is  usually  present  in  the  hand-grasps,  will  enable 
the  observer  to  recognize  typical  cases,  a  much  more  profound  know- 
ledge is  necessary  if  the  numerous  cases  that  diverge  widely  from  the 
classical  Batten-Curschmann  type  are  not  to  escape  detection.  It 
might  be  thought  that  the  severity  of  the  symptoms  would  depend  on 
the  duration  of  the  disease,  but  this  is  by  no  means  the  case. 

Myotonia. — From  its  former  position  as  the  primary  and  essential 
symptom  of  the  disease  myotonia  has  been  relegated  by  general  consent 
to  a  rank  equivalent  with  the  other  cardinal  symptoms ;  and  certain 
authors  (Curschmann,  Kohrer,  Naegeli)  have  attempted  to  place  it  in 
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an  entirely  subordinate  position.  Nevertheless,  we  place  it  first  because 
it  is  certainly  the  most  constant  symptom,  and  because,  in  our  opinion, 
it  still  holds  its  place  as  a  most  important  feature  of  the  disease.  The 
slow  relaxation  of  muscular  contractions  that  constitutes  the  symptom 
may  occur  after  active  movements,  or  after  contractions  elicited  by 
mechanical  or  electrical  stimulations  ;  as  a  rule  it  is  present  in  more 
than  one  form,  some  muscles  perhaps  showing  it  to  one  kind  of  stimu- 
lation, some  to  another,  but  it  may  be  present  in  any  one  form  alone. 
All  writers  agree  that  active  myotonia  is  shown  most  frequently  by 
difficulty  in  relaxing  the  hand-grasps  ;  in  many  cases  it  is  confined  to 
this  part,  but  this  feature,  characteristic  as  it  is,  has  been  given  undue 
prominence  in  current  descriptions  of  the  disease.  Hauptmann,  for 
example,  is  inclined  to  suspect  the  diagnosis  when  active  myotonia  is 
present  in  many  muscles  other  than  those  of  the  forearms,  but  a 
number  of  undoubted  cases  have  been  described  in  which  many  muscles 
showed  this  sign.  In  our  patient,  J.  E.,  the  difficulty  in  relaxing  the 
grasps,  the  "  buckling  up  "  of  the  feet  on  beginning  to  run,  the  stiffness 
in  the  knees  after  squatting,  and  the  stiffness  in  the  jaws  during  masti- 
cation, are  all  expressions  of  active  myotonia.  In  the  patient,  W.  A., 
it  is  demonstrable  '  in  all  the  limb  muscles,  and  in  this  patient  as  in 
others  described  by  Tetzner  [56] ,  Kohrer  [46] ,  and  Riilf  [49] ,  the 
impression  was  gained  that  all  the  muscles  of  the  body  were  more  or 
less  myotonic. 

Hence,  whilst  it  is  true  that  active  myotonia  is  most  obvious  both 
to  the  patient  and  to  the  superficial  observer  in  the  hand-grasps,  we 
feel  sure  that  a  careful  consideration  of  all  the  symptoms  and  the  appli- 
cation of  appropriate  tests  will  disclose  the  fact  that  it  is  of  much  wider 
distribution  in  a  large  proportion  of  the  cases. 

As  a  rule,  the  difficulty  in  relaxing  the  grasp  comes  on  very  gradually, 
and  the  patient  may  be  unable  to  state  definitely  when  he  noticed  it 
first ;  but  in  our  patient,  J.  R.,  and  in  another  described  by  Biilf,  the 
onset  was  sudden,  and  the  spasm  reached  a  maximum  degree  at  its  first 
appearance. 

The  delay  in  relaxation  usually  diminishes  rapidly  with  each  repeti- 
tion of  the  movement,  so  that  after  several  attempts  it  disappears,  but 
several  cases  have  been  described  in  which  it  persisted  or  increased.  The 
trouble  is  always  greatest  in  cold  weather,  and  emotion  plays  an  interest- 
ing part  in  its  production.  Thomsen  himself  referred  to  the  effects  of 
psychical  stimuli  upon  a  myotonic  patient,  and  the  power  of  these  stimuli 
to  provoke  the  first  and  subsequent  attacks  of  muscular  spasm  in  persons 
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presumably  myotonic  from  birth  is  exemplified  in  the  cases  of  Thomson's 
disease  so  admirably  described  by  Rosett  [47]  in  a  recent  number  of 
this  Journal. 

That  the  same  phenomenon  occurs  in  the  so-called  symptomatic 
myotonia  of  dystrophia  myotonica  is  shown  by  the  circumstances  in 
which  it  appeared  for  the  first  time  in  one  of  our  patients  (J.  R.)  ; 
here  the  emotional  factor  was  provided  by  the  desire  to  excel  in  an 
examination  in  rifle  drill  for  promotion  to  higher  military  rank ;  prior 
to  this  ordeal  the  man  had  never  experienced  any  difficulty  in  relaxing 
his  grasp,  but  at  a  critical  moment  the  flexors  of  the  forearm  went  into 
severe  spasm,  with  the  result  that  he  was  unable  to  remove  his  hand 
from  his  rifle  for  several  seconds. 

As  in  Thomsen's  disease,  the  severity  of  the  spasm  in  these  cases 
depends  on  the  amount  of  power  that  is  put  into  the  movement.  One 
of  our  patients  told  us  that  he  always  knew  when  attempts  to  demon- 
strate the  myotonic  hand-grasp  would  be  successful,  but  it  transpired 
that  what  appeared  at  first  to  be  an  inexplicable  premonition  was 
merely  artfulness  on  the  patient's  part ;  for  at  times  when  he  was  not 
disposed  to  encourage  curious  visitors,  he  abolished  his  most  interesting 
symptom  by  the  simple  expedient  of  refraining  from  exerting  the 
amount  of  strength  which  he  knew  from  experience  was  requisite  to 
eUcit  it.  Still  another  similarity  with  Thomsen's  disease  must  be  men- 
tioned, namely,  the  sudden  "  falling  like  a  log  "  of  which  some  patients 
with  dystrophia  myotonica  also  complain.  Rosett  relates  that  this 
symptom  was  first  described  by  Charles  Bell  in  1837,  before  Thomsen's 
disease  was  recognized  as  a  definite  entity,  and  he  records  its  occurrence 
in  two  of  his  own  cases.  In  three  of  our  patients  these  falls  were  a 
prominent  symptom ;  we  attributed  them  at  first  to  weakness  in  the 
thigh  muscles,  but  on  consideration  it  seemed  that  this  should  not  cause 
a  man  walking  on  level  ground  or,  as  in  one  instance,  a  sentry  standing 
at  his  post,  to  fall  "  like  a  log,"  and  we  were  at  a  loss  for  a  satisfactory 
explanation.  On  learning  that  these  falls  occur  in  Thomsen's  disease, 
however,  we  concluded  that  they  were  an  expression  of  myotonia  in  this 
disease  as  well.  We  realize  that  the  falls  are  indeed  due  to  weakness 
in  the  thighs  in  many  instances,  but  we  are  convinced  that  this  is  not 
the  explanation  in  all.  Occasionally,  when  weakness  causes  a  patient 
to  stumble,  the  effort  to  prevent  a  fall  causes  a  generalized  spasm  of 
the  muscles,  so  that  the  patient  lies  rigid  on  the  ground  and  except 
that  consciousness  is  retained  appears  to  be  in  a  fit.  In  one  case  this 
kind  of  attack  was  mistaken  for  a  seizure  of  general  paralysis. 
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In  several  of  our  cases  we  have  noticed  that  alternating  movements, 
flexion  and  extension  at  the  elbow,  for  example,  were  well  done  if  the 
patient  was  allowed  to  carry  them  out  at  his  own  rather  slow  pace,  but 
that  if  he  attempted  to  increase  their  rate  they  became  grossly  inco- 
ordinate, the  most  obvious  defects  being  that  one  movement,  say 
extension,  was  begun  before  flexion  was  completed,  and  vice  versa,  and 
that  adventitious  movements  were  made  at  the  shoulders  and  wrists,  so 
that  after  a  number  of  repetitions  the  arms  were  flung  about  in  a  most 
disorderly  fashion,  the  desired  movement  of  flexion  and  extension  being 
but  little  in  evidence.  This  phenomenon  finds  a  ready  explanation  in 
the  myotonia  of  the  muscles  involved  ;  when  the  movements  are  carried 
out  slowly  one  group  of  muscles  has  time  to  relax  before  contraction 
begins  in  the  other  ;  but  when  the  patient  attempts  to  increase  their  rate, 
in  the  first  place  he  exerts  greater  force,  so  that  myotonia  is  more  likely 
to  appear,  and  in  the  second  relaxation  is  not  complete  in  one  group 
before  contraction  begins  in  the  other.  Rosett  has  shown  in  cases  of 
Thomson's  disease  that  if  a  stimulus  to  myotonic  muscles,  be  it  mechani- 
cal, electrical  or  volitional,  is  repeated  rapidly,  a  summation  of  residual 
contractions  occurs ;  it  may  be  then  that  in  our  cases  as  well,  after 
several  repetitions  of  flexion  and  extension,  the  muscles  concerned  in 
these  movements,  agonists  and  antagonists  alike,  go  into  continued  con- 
traction, so  that  ultimately  neither  flexion  nor  extension  is  possible. 
But  the  patient  is  still  exerting  himself,  and  an  overflow  occurs  to 
muscles  moving  other  joints,  so  that  irregular  adventitious  movements 
occur. 

Having  drawn  attention  to  these  expressions  of  widespread  myotonia 
it  is  perhaps  necessary  to  repeat  that,  although  this  symptom  may  be 
demonstrable  in  many  muscles,  it  is  true  that  in  the  great  majority  of 
the  cases  it  is  obvious  in  the  hand-grasps  alone. 

Contrasted  with  the  limited  distribution  of  obvious  active  myotonia, 
persistence  of  contractions  produced  by  percussion  of  the  muscles — 
mechanical  myotonia — is  usually  more  widespread.  It  is  most  constant 
in  the  tongue  and  in  the  small  muscles  of  the  thenar  and  hypothenar 
eminences,  but  it  is  often  present  in  many  other  muscles  as  well.  In 
the  tongue  it  is  sought  for  by  striking  the  lateral  border  with  a  small 
percussion  hammer ;  when  it  is  present  a  deep  dimple  forms  at  the 
point  of  impact  and  persists  for  several  seconds  ;  in  the  hands  it  is 
even  more  easily  demonstrated  because  the  prolonged  contraction  of  the 
muscle  is  associated  with  obvious  and  prolonged  displacement  of  the 
thumb  or  little  finger,  according  to  the  part  that  is  struck.     In  larger 
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muscles  the  characteristic  myotonic  response  to  mechanical  stimulation 
is  the  formation  of  a  persistent  furrow  deepest  and  broadest  at  the  point 
of  impact.  Mechanical  myotonia,  like  other  forms  of  myotonia,  varies 
greatly  in  the  extent  of  its  distribution  in  different  cases,  and  it  shows 
great  variations  in  the  same  case  at  different  times. 

It  is  always  most  obvious  in  muscles  showing  little  atrophy  or  none 
at  all,  and  it  is  rarely  found  in  wasted  muscles  ;  but  this  cannot  be 
accepted  as  evidence  of  an  antagonism  in  distribution  between  atrophy 
and  mechanical  myotonia  as  some  have  held,  for  we  have  frequently 
seen  mechanical  myotonia  in  the  as  yet  unwasted  muscles  m  parts 
where  atrophy  is  common.  We  find  the  explanation  of  the  apparent 
antagonism  in  the  fact  that  mechanical  myotonia  disappears  when 
atrophy  supervenes.  When  atrophy  is  absent  in  muscles  where  it 
commonly  occurs,  these  muscles  are  frequently  myotonic  ;  in  cases  with 
atrophy  in  the  usual  situations  myotonia  is  absent  in  the  wasted 
muscles  but  is  found  in  muscles  free  from  atrophy  ;  in  advanced  cases 
when  all  the  muscles  are  wasted,  mechanical  myotonia  may  be  nowhere 
demonstrable. 

Before  leaving  this  subject  something  must  be  said  of  a  kind  of 
persistent  contraction  after  mechanical  stimulation  which  has  nothing 
to  do  with  myotonia.  The  normal  response  to  mechanical  stimulation 
is  a  contraction  of  short  duration  in  the  long  axis  of  the  fibres  beneath 
the  point  of  impact  ;  now  it  often  happens  that^as  the  fibres  relax  in 
parts  remote  from  the  point  of  impact  a  prominence  appears  at  this 
point,  and  after  persisting  for  several  seconds  disappears  slowly  ;  this 
can  be  observed  most  easily  in  the  pectoral  muscles,  but  may  be  present 
in  many  others  ;  the  duration  of  this  localized  transverse  swelling  is 
often  just  as  great  as  the  persistent  contraction  of  myotonic  muscles, 
and  may  cause  confusion,  but  error  will  be  avoided  if  it  is  remembered 
that  the  true  myotonic  reaction  appears  in  the  form  of  a  dimple  or 
furrow,  not  as  a  prominence. 

It  has  been  stated  that  the  normal  myotatic  irritability  of  the 
muscles  is  abolished  in  this  disease.  In  a  number  of  our  cases  we  have 
investigated  the  response  to  mechanical  stimulation  in  all  the  accessible 
muscles,  and  we  have  been  struck  by  the  frequency  with  which  such 
stimuli  failed  to  produce  a  response  of  any  kind  in  muscles  that  seemed 
to  be  healthy  in  other  respects  ;  nevertheless,  normal  responses  were 
often  obtained,  and  in  several  cases  percussion  of  the  pectoral  muscles 
evoked  a  typical  "  harp-string  response  "  (Oppenheim)  which  did  not 
differ  in  any  respect  from  that  seen  in  normal  individuals. 
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Electrical  Reactions. 

The  electrical  reactions  in  this  disease  show  many  deviations  from 
the  normal :  the  quantitative  changes  are  those  that  we  expect  to 
find  in  muscular  atrophy  of  myopathic  origin  ;  the  qualitative  changes 
are  identical  in  nature  with  those  that  occur  in  the  myotonic  muscles 
of  patients  with  Thomsen"s  disease,  but  are  often  modified  by  the 
presence  of  atrophy  in  the  myotonic  muscles.  In  weak  muscles  and 
muscles  showing  active  or  mechanical  myotonia,  the  reaction  to  direct 
faradic  stimulation  is  often  diminished  ;  as  a  rule  the  reaction  to 
indirect  faradism  is  normal,  but  when  atrophy  is  severe  this  is  also 
diminished  ;  to  direct  galvanism  the  excitability  of  the  atrophic  muscles 
is  sometimes  increased,  but  it  is  more  often  diminished.  In  many 
respects  the  reactions  resemble  the  reaction  of  degeneration,  for  apart 
from  the  changes  just  mentioned  A.C.C.  is  often  greater  than  K.C.C. 
and  slow  worm-like  contractions  are  sometimes  observed  on  direct 
galvanic  stimulation ;  indeed  the  earlier  writers  described  their  find- 
ings as  a  combination  of  the  myotonic  reaction  with  the  reaction  of 
degeneration.  Steinert  and  Curschmann,  however,  pointed  out  that 
the  slow  contractions  only  occurred  on  closing  the  current,  whereas 
anodal  opening  contractions  were  prompt ;  that  even  the  closing  con- 
tractions become  normal  on  repetition  of  the  stimulus,  that  slow  con- 
tractions may  occur  on  direct  faradic  stimulation  also,  and  that  the 
muscle  is  usually  excitable  through  the  nerve.  Their  conclusion  was 
that  the  changes  were  merely  deviations  of  the  myotonic  reaction  due 
to  the  presence  of  atrophy  in  the  muscles  and  that  they  differed  funda- 
mentally from  the  reaction  of  degeneration.  With  this  view  almost 
every  subsequent  observer  has  concurred,  and  we  may  safely  conclude 
that  the  reactions  in  this  disease,  however  closely  they  may  resemble 
it,  have  nothing  to  do  with  the  reaction  of  degeneration  whatsoever. 

In  most  cases  the  classical  myotonic  reaction  is  found  in  very  few 
muscles  or  in  none  at  all,  but  it  is  usual  on  the  other  hand  to  find 
changes  in  many  muscles  which  may  be  looked  upon  as  minor  modifica- 
tions of  it.  In  some  cases  no  normal  twitches  can  be  obtained  from 
some  of  the  muscles  by  direct  galvanic  stimulation,  for  even  with 
minimal  current  strengths  the  muscle  goes  into  a  prolonged  tetaniform 
contraction;  this  constitutes  Remak's  "incomplete  myotonic  reaction." 
In  others  galvanic  and  faradic  stimuli  of  short  duration  evoke  normal 
twitches,  but  if  the  stimulus  is  prolonged,  the  strength  remaining  the 
same,  a  myotonic  after-contraction  occurs  (Steinert-Passler  phenomenon). 
This  type  of  reaction  was  present  in  two  of  our  cases  ;  in  some  muscles 
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the  contraction  persisted  as  long  as  the  current  was  passing  and  relaxed 
promptly  as  soon  as  it  was  withdrawn,  in  others  relaxation  was  slow ; 
with  the  galvanic  current  this  phenomenon  occurs  more  readily  from 
the  anode  than  from  the  cathode.  In  cases  described  by  Steinert, 
Hauptmann,  Baake  and  Voss,  and  Maas  and  Zondek,  no  response  was 
obtained  from  some  of  the  muscles  with  currents  of  minimal  strength, 
but  when  the  stimulus  was  greatly  prolonged  the  strength  remaining 
the  same,  the  muscle  went  slowly  into  continued  contraction  and  then 
relaxed  slowly  after  the  stimulus  was  withdrawn.  This  type  of  reac- 
tion was  seen  in  one  of  our  patients  ;  we  observed  that  during  the  slow 
inception  of  the  muscular  contraction  the  galvanometer  needle  was 
rising  and  that  as  long  as  the  needle  remained  steady  the  muscle 
remained  in  ''  galvanotonus."  We  concluded  therefore  that  the  pheno- 
menon was  due  to  "  galvanotonus,"  and  that  the  appearance  of  the  slow 
contraction  was  due  to  a  gradual  diminution  in  the  resistance  of  the 
skin.  Many  other  modifications  of  the  classical  myotonic  reaction  have 
been  described,  indeed  it  seems  as  if  every  observer  who  directs  his 
attention  to  the  electrical  reactions  in  these  cases  finds  something  that 
has  not  been  described  before,  but  it  is  not  yet  possible  to  say  whether 
any  one  of  them  is  constant  or  peculiar  to  this  disease. 

We  have  said  that  myotonia  is  the  most  constant  symptom  of  the 
disease  ;  we  must  now  consider  the  cases  in  which  it  was  said  to  be 
absent. 

Under  the  heading  "Dystrophia  myotonica  sine  myotonia,"  Cursch- 
mann  [10]  has  described  a  family  consisting  of  three  brothers  and 
a  cousin;  the  patients  showed  muscular  atrophy  of  typical  distribu- 
tion, cataract,  atrophy  of  the  testicles,  impotence,  baldness,  loss  of 
reflexes,  hypersecretion  of  sweat  and  other  characteristic  symptoms,  but 
in  two  of  them  myotonia  was  completely  absent  and  in  another  it  was 
present  in  a  minimal  form  as  mechanical  myotonia  in  the  tongue  and 
thenar  muscles  alone.  There  is  no  doubt  about  the  diagnosis  in  these 
cases,  as  the  patients  with  and  without  myotonia  but  with  other 
symptoms  in  abundance  were  brothers.  Rohrer  has  described  two 
cases  in  which  myotonia  was  absent.  In  one,  a  man  aged  53,  the  find- 
ings were  :  atrophy  of  the  forearms,  face,  sternomastoids,  temporals 
and  legs,  presenile  cataract  (operation)  at  the  age  of  40,  baldness,  im- 
potence, general  loss  of  body  weight  and  other  less  definite  symptoms ; 
no  myotonia,  no  history  of  muscular  disorders  or  of  cataract  in  other 
members  of  the  family.  In  the  other  case,  a  woman  aged  39,  the 
symptoms  were  atrophy  of  the  forearms   and  face,  presenile  cataract 
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and  certain  indefinite  dystrophic  symptoms ;  no  myotonia  and  no 
family  history.  In  many  respects  these  cases  are  typical  enough,  but 
we  hesitate  to  accept  them,  as  confirmation  of  the  diagnosis  from  the 
family  history  is  lacking.  Until  special  investigations  have  shown  that 
cataract  does  not  occur  in  other  muscular  dystrophies,  we  cannot  agree 
that  the  combination  of  presenile  cataract  with  muscular  atrophy  but 
without  myotonia  justifies  a  diagnosis  of  dystrophia  myotonica,  although 
it  makes  it  highly  probable.  It  might  be  said  that  in  Rohrer's  cases 
the  diagnosis  is  confirmed  by  the  presence  of  other  dystrophic  pheno- 
mena, but  we  do  not  attach  much  importance  to  these  in  doubtful 
cases,  firstly  because  it  has  not  been  shown  that  they  do  not  occur 
in  other  muscular  dystrophies,  and  secondly  because  the  enthusiastic 
investigator  of  the  ductless  glands  rarely  fails  to  find  evidence  of  some 
disorder  in  their  supposed  functions  in  any  given  case. 

In  one  of  Fleischer's  cases  there  is  no  account  of  myotonic  sym- 
ptoms, but  as  the  electrical  reactions  are  not  given,  and  as  electrical 
mj'otonia  may  be  present  alone,  the  case  is  not  acceptable  for  our 
present  purpose.  In  some  of  Batten's  original  cases  too,  myotonia  was 
said  to  be  absent,  but  the  investigations,  according  to  modern  standards, 
were  incomplete.  Against  Curschmann's  cases,  however,  there  is 
nothing  to  be  said ;  they  prove  that  myotonia  may  be  completely 
absent  in  isolated  cases  at  the  time  of  examination,  but  they  do  not 
permit  us  to  assume,  as  Curschmann,  Eohrer  and  Naegeli  have  done, 
that  it  may  be  absent  in  certain  cases  throughout  the  course  of  the 
disease,  nor  do  they  justify  the  contention  that  myotonia  is  merely  an 
occasional  and  unessential  symptom  of  subsidiary  importance. 

Myotonia  is  notoriously  variable  in  distribution  and  intensity  in  the 
same  case  at  different  times ;  it  tends  to  disappear  in  the  advanced 
stages  when  atrophy  is  severe  and  general,  and  it  may  be  absent  at  one 
time  and  present  at  another,  as  is  shown  by  the  case  reported  by 
Niekau  [42]  as  an  example  of  "  dystrophia  myotonica  sine  myo- 
tonia "'  which  was  recognized  by  Slauck  [52]  as  one  that  had  been 
under  his  observation  on  four  occasions  when  myotonia  was  always 
present :  we  are  prepared  then  to  encounter  cases  in  which  myotonia 
is  absent  at  the  time  of  examination,  but  nothing  that  we  have  learned 
in  our  study  of  the  disease  leads  us  to  associate  ourselves  with  those 
who  hold  that  it  may  be  absent  throughout  its  course. 

Further,  with  regard  to  the  diagnosis  in  eases  free  from  myotonia, 
it  must  be  remembered  that  the  isolated  cases  in  which  it  was  absent 
stand  alone  amongst  the  hundreds  in  which  it   was  present  in  some 
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degree  ;  hence  we  consider  that  the  greatest  caution  should  be  exercised 
before  cases  without  this  symptom  are  admitted  to  our  category.  For 
the  present  at  least  we  should  use  the  family  history  as  our  criterion 
and  withhold  the  diagnosis  in  doubtful  cases  unless  the  occurrence  of 
characteristic  cases  in  other  members  of  the  family  supplied  the  neces- 
sary confirmation. 

We  do  not  intend  to  enter  upon  a  discussion  of  the  theory  of 
myotonia  in  general,  but  as  our  electro-myographic  investigations  have 
a  bearing  on  this  subject  it  must  be  mentioned  briefly.  The  earlier 
writers  on  Thomsen's  disease  were  satisfied  that  myotonia  was  of 
myogenic  origin ;  during  recent  years,  however,  several  observers  have 
supported  a  neurogenic  theory.  (Curschmann  [9],  Albrecht  [2], 
Stocker  [55],  Gregor  and  Schilder  [17].) 

Gregor  and  Schilder  working  with  the  string-galvanometer  on  cases 
of  dystrophia  myotonica  found  during  the  myotonic  after-contraction 
oscillations  with  a  fifty  per  minute  rhythm,  which  they  therefore 
regarded  as  evidence  of  a  central  origin  for  the  myotonia.  These 
authors  look  upon  the  myotonic  reaction  as  a  proprioceptive  reflex — the 
voluntary  contraction  produces  a  stimulus  in  the  muscle  itself  which 
calls  forth  another  contraction  through  the  reflex  path  and  so  on. 
Schaffer  [50]  in  a  recent  paper  disagrees  with  Gregor  and  Schilder's 
conclusions  and  upholds  the  myogenic  theory ;  he  failed  to  find  oscilla- 
tions suggestive  of  a  neurogenic  origin  for  the  myotonic  after- contrac- 
tion in  cases  of  Thomsen's  disease,  and  they  were  certainly  absent  in 
our  case  of  dystrophia  myotonica ;  Schaffer  showed  too  that  myotonia 
persists  when  the  nerve  endings  in  the  muscles  are  paralysed  with 
novocain  and  when  the  nerves  to  the  limbs  are  paralysed  by  regional 
anaesthesia.  Grund  [21],  moreover,  had  previously  reported  that  it 
persisted  in  limbs  paralysed  by  intrathecal  injection  of  stovaine.  This 
work  suggests  that  the  myotonia  of  Thomsen's  disease  is  myogenic  in 
origin,  and  our  own  limited  observations  lead  us  to  conclude  that  the 
same  is  true  for  the  so-called  symptomatic  myotonia  of  dystrophia 
myotonica. 

Muscular  atrophy. — Our  knowledge  of  the  distribution  of  the 
muscular  atrophy  in  this  disease  has  passed  through  several  distinct 
phases.  The  earlier  writers,  Hoffmann  [29]  for  example,  saw  nothing 
distinctive  in  it  and  commented  upon  its  apparent  irregularity.  Batten 
and  Gibb  on  the  other  hand  suggested  that  "  a  characteristic 
distribution  may  exist  in  this  disease "  and  by  neglecting  the  cases 
in  the   literature  that  differed  from  those  that  had  come  under  their 
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own  observation  they  were  able  to  differentiate  a  distinct  clinical 
group  in  which  weakness  was  confined  to  the  facial  muscles,  the 
muscles  of  mastication,  the  sternomastoids,  the  vasti  of  the  thighs 
and  the  dorsiflexors  of  the  feet.  According  to  Steinert,  who  had 
reached  the  same  conclusion  independently,  three  stages  could  be 
recognized  in  the  spread  of  the  atrophy :  the  muscles  of  the  forearms 
are  first  attacked,  then  those  of  the  face,  the  sternomastoids  and  the 
muscles  of  mastication  ;  at  a  later  stage  atrophy  spreads  from  these 
sites  of  predilection  and  many  other  muscles  are  affected ;  the  peronei, 
he  added,  might  be  attacked  at  any  stage.  Batten  and  Gibb  based 
their  conclusions  on  the  findings  in  twenty  cases  ;  subsequent  observa- 
tions on  hundreds  of  others  show  how  well  they  attained  their  object 
which  was  "not  so  much  to  discuss  the  whole  subject  of  myotonia 
atrophica  as  to  suggest  the  possibility  of  there  existing  a  form  of 
myopathy  differentiated  clinically  from  the  classical  type  as  much  by 
the  distribution  of  the  wasting  as  by  the  presence  of  the  myotonia," 
for  in  a  majority  of  cases  the  distribution  of  the  atrophy  conforms  to 
Batten's  description ;  his  precise  delineation  of  the  features  of  charac- 
teristic cases  served  its  purpose  admirably,  and,  supported  by  Steinert's 
findings,  it  led  quickly  to  the  recognition  of  these  cases  as  a  distinct 
clinical  group.  But  all  cases  do  not  conform  to  these  classical  descrip- 
tions, which  apply  to  a  type  only,  and  it  remains  for  us  to  indicate  the 
variations  that  may  occur.  Our  conclusions  are  based  on  an  analysis  of 
123  cases  in  which  we  were  satisfied  that  the  diagnosis  was  correct. 

Weakness  always  appears  first  in  one  of  the  following  situations  : 
the  facial  muscles,  the  muscles  of  mastication,  the  sternomastoids,  the 
forearms,  the  vasti  of  the  thighs  or  the  dorsiflexors  of  the  feet ;  it  is 
usually  present  in  more  than  one  of  these  groups  when  the  patient  first 
comes  under  observation  but  it  may  affect  any  one  of  them  first,  or 
most,  or  alone. 

The  sequence  described  by  Steinert  is  certainly  not  constant,  nor  is 
it  the  most  frequent,  for  our  figures  show  that  the  forearms  are  spared 
in  many  cases  when  atrophy  in  some  or  all  of  the  muscles  of  the  head 
and  neck  group  is  severe.  Our  Case  2,  with  extreme  atrophy  of  the 
sternomastoids  without  weakness  or  wasting  in  the  forearms,  illustrates 
this,  and  cases  with  little  or  no  wasting  in  the  forearms  with  severe 
atrophy  in  the  head  and  neck  muscles  have  been  described  by  Batten, 
Tetzner,  Curschmann,  Kramer,  Bramwell  and  Addis,  Eohrer,  Haupt- 
mann  and  others.  On  the  other  hand,  atrophy  of  the  forearms  alone  is 
rare. 
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Within  the  head  and  neck  group  it  is  usual  to  find  some  weakness  of 
all  the  muscles,  but  one  pair  often  suffers  more  than  another  and  atrophy 
may  be  extreme  in  one,  in  the  sternomastoids  for  example,  before  the 
others  are  attacked.  Absence  of  demonstrable  weakness  in  the  orbicu- 
laris oculi  seems  to  be  the  rarest  negative  finding  ;  even  when  this  is 
absent  the  face  is  usually  described  as  being  "expressionless  and 
immobile  "  ;  absence  of  weakness  in  the  sternomastoids  is  next  in  order 
of  rarity.  The  muscles  of  mastication  usually  succumb  early ;  the 
wasting  is  always  most  obvious  in  the  temporal  muscles,  where  it  may 
be  extreme  before  the  bulk  or  power  of  the  masseters  is  diminished,  and 
the  resulting  temporal  hollow  aids  materially  in  producing  the  charac- 
teristic facies  of  the  disease  ;  dislocation  of  the  jaw  as  a  consequence  of 
weakness  in  these  muscles  was  noted  first  by  Nonne  ;  it  occurred  in 
two  of  our  cases.  In  the  forearms  the  supinator  longus  is  picked  out 
first  and  it  may  waste  greatly  before  other  muscles  in  the  forearm  group 
are  attacked  (Steinert,  Tetzner,  Hauptmann). 

It  has  been  said  that  the  extensors  are  always  more  affected  than 
the  flexors,  but  our  observations  suggest  that  no  rule  can  be  given  on 
this  point ;  we  have  seen  several  cases  in  which  the  flexors  suffered 
most  and  the  same  has  been  noted  by  Grund,  Hauptmann  and  others. 
Weakness  and  wasting  of  the  dorsiflexors  of  the  feet  is  mentioned  in 
less  than  half  of  the  cases  in  the  literature,  but  if  our  remarks  had  been 
founded  upon  our  own  observations  alone  we  should  have  placed  the 
incidence  of  weakness  in  this  group  at  a  much  higher  figure.  If  the 
lower  limbs  are  attacked  at  all  these  muscles  or  the  vasti  of  the  thighs 
always  succumb  first  ;  in  many  cases  weakness  in  the  legs  has  been  the 
first  symptom  and  in  some  dropped  foot  and  great  difficulty  in  walking 
were  obtrusive  symptoms  when  power  in  the  upper  limbs  was  still 
good. 

From  the  sites  of  election  already  mentioned  atrophy  may  spread  to 
adjacent  muscles,  or  pick  out  individual  muscles  at  a  distance  in  an 
order  for  which  we  can  find  no  rule  ;  if  we  were  to  give  priority  to  any 
muscles  outside  the  classical  situations,  we  should  mention  the  small 
muscles  of  the  hands,  the  deep  neck  muscles,  and  the  muscles  of  the 
upper  arms  and  thighs.  In  many  cases  some  of  these  are  attacked 
before  atrophy  has  appeared  in  all  the  sites  of  predilection;  for  example, 
when  atrophy  in  the  forearms  is  severe  the  small  muscles  of  the  hands 
or  the  muscles  of  the  upper  arms  may  waste  before  the  legs  are  affected, 
but  no  case  has  been  described  in  which  atrophy  appeared  first  in 
a  muscle    outside    the    main    groups.      The    rate    at   which    atrophy 
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progresses  is  extremely  variable  ;  it  may  be  severe  and  widespresd 
a  year  after  the  appearance  of  the  first  symptom,  or  it  may  be  minimal 
in  most  of  the  muscles  many  years  after  the  onset  of  the  disease  ;  in 
one  of  our  patients  with  wasting  of  the  sternomastoids  and  facies 
myopathica  the  limbs  retain  their  bulk  and  power  seven  years  after  the 
onset.  In  some  advanced  cases  every  muscle  in  the  body  is  wasted,  in 
others  of  equally  long  duration  the  trunk  muscles  and  the  muscles  of 
the  shoulder  and  pelvic  girdles  retain  their  bulk. 

As  in  other  types  of  myopathy,  the  loss  of  power  in  some  of  the 
muscles  is  often  greater  than  the  degree  of  atrophy  would  suggest ; 
pseudohypertrophy  is  said  to  occur  in  rare  cases,  but  a  special  study  of 
the  recorded  cases  leaves  us  in  doubt  upon  this  point,  as  we  are  inclined 
to  attribute  the  apparent  hypertrophy  to  the  striking  contrast  in  the 
size  of  muscles  free  from  atrophy  with  those  that  have  wasted.  Batten 
described  hypertrophy  of  the  muscles  below  the  knee  in  one  of  his  cases, 
but  the  vasti  were  completely  atrophied ;  in  a  case  described  by 
Griffith,  the  calves  were  said  to  be  hypertrophied  but  their  circum- 
ference was  only  14^  in.  and  the  patient  had  been  a  footballer.  Slauck 
mentions  that  he  has  seen  a  case  with  marked  hypertrophy  of  the 
quadriceps  of  the  thigh.  Mendel  demonstrated  a  case  at  a  clinical 
meeting  in  Berlin  with  typical  myotonic  symptoms,  severe  atrophy  of 
the  forearms,  arms,  infraspinati  and  sternomastoids  and  "  great  hyper- 
trophy of  the  thenar  and  hypothenar  eminences  and  of  the  calves,"  but 
as  there  was  no  facies  myopathica,  and  as  extra-muscular  symptoms 
seem  to  have  been  absent,  the  diagnosis  is  doubtful ;  we  have  seen  one 
case  that  had  previously  been  under  the  care  of  two  of  our  colleagues 
who  had  both  described  it  independently  as  one  of  "  myotonia  atrophica 
with  pseudohypertrophy  "  ;  the  contrast  between  the  size  of  some  of 
the  wasted  and  unwasted  muscles  was  certainly  very  great,  but  it  was 
doubtful  whether  the  larger  muscles  were  really  hypertrophied.  Be 
this  as  it  may,  it  is  certain  that  some  of  the  muscles  may  appear  to 
be  unduly  large  and  that  these  muscles  are  often  extremely  weak. 

Atrophy  of  the  tongue  has  been  recorded  by  Grund  and  Steinert ; 
it  was  present  in  two  of  our  cases,  but  it  is  uncommon  and  is  always 
slight  in  degree. 

In  two  cases  described  by  Albrecht  [3]  the  soft  palate  was  "as  thin 
as  paper  "  and  the  oesophageal  walls  were  thin  and  very  lax.  Various 
paralyses  of  the  vocal  cords  have  been  observed  (Nonne  [43],  Batten 
[4],  Siemerling  [-51],  Bramwell  and  Addis  [7],  Albrecht  [3],  Tilley 
[57]  and  others). 
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Fibrillary  tremors  identical  in  appearance  with  those  seen  in 
atrophies  of  spinal  origin  were  present  in  the  thigh  muscles  of  the 
patient,  W.  A.,  on  several  occasions  ;  they  were  seen  in  one  case  by 
Batten  and  in  another  by  Fuchs,  but  they  were  almost  certainly 
fortuitous  and  all  writers  agree  that  they  are  foreign  to  this  disease. 

In  certain  cases,  few  in  number  but  of  great  theoretical  interest, 
muscular  atrophy  was  entirely  absent.  Case  1  (Eohrer)  :  a  woman  of 
35,  w^ith  presenile  cataract,  typical  myotonia,  expressionless  face,  nasal 
voice,  no  family  history.  Case  2  (Rohrer)  :  a  woman  of  36,  with  typical 
myotonia,  monotonous  voice,  presenile  cataract ;  two  sisters  and  two 
brothers  suffer  from  the  disease  in  its  most  typical  form. 

Case  3  (Fleischer)  :  a  man  of  27  w4th  typical  myotonia,  and 
incipient  cataract ;  his  brother  is  a  typical  case.  Case  4  (Fleischer)  :  a 
man  of  25  with  typical  myotonia,  apathetic  expression,  presenile 
cataract,  scanty  hair,  no  family  history.  Whatever  may  be  thought  of 
the  cases  in  which  contirmation  of  the  diagnosis  from  the  family  history 
was  lacking,  the  others  prove  that  the  disease  sometimes  occurs  in  an 
incomplete  form,  and  that  other  symptoms  may  betray  its  presence 
when  muscular  atrophy  is  absent.  Fleischer's  patients  were  still  young 
and  it  may  be  that  atrophy  will  occur  later,  but  both  of  Rohrer's 
patients  had  passed  the  age  at  which  atrophy  usually  begins. 

So  far  we  have  concerned  ourselves  with  the  incidence  and  spread  of 
muscular  atrophy  ;  we  must  now^  consider  its  nature.  In  one  particular 
alone,  namely  its  predilection  for  the  extremities  of  the  limbs,  it  differs 
from  the  better  known  progressive  atrophies  of  myopathic  origin,  but 
in  every  other  respect  they  are  identical ;  the  electrical  reactions,  apart 
from  the  complications  introduced  by  myotonia,  are  the  same  ;  fibrilla- 
tion is  foreign  to  both,  weakness  is  often  great  in  muscles  that  have 
retained  their  bulk,  no  changes  have  been  found  in  nervous  structures 
to  account  for  the  weakness  and  w'asting,  and,  most  important  of  all, 
the  histological  changes  in  the  muscles  in  both  conditions  are  the  same 
and  they  differ  fundamentally  from  those  that  occur  in  atrophies  of 
nervous  origin.  The  morbid  appearances  in  the  muscles  of  four  of  our 
patients  are  described  on  another  page  ;  our  findings  agree  in  every 
detail  with  those  of  Slauck  [53] ,  whose  recent  paper  came  to  our  notice 
after  the  completion  of  our  own  pathological  investigations ;  this 
observer  made  a  special  comparative  study  of  the  changes  in  dystrophia 
myotonica  and  other  progressive  myopathic  atrophies  and  found  that 
the  agreement  was  "  overwhelming."  We  may  conclude  then  that  the 
changes  in  the  progressive  dystrophies  and  in  dystrophia  myotonica  are 
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of  the  same  nature,  and  that  in  the  one  as  in  the  other  they  are,  so  far 
as  we  know  at  present,  mj^opathic  in  origin.  In  other  words,  the 
atrophy  is  not  neurogenic  in  the  ordinary  sense  and  does  not  depend 
upon  a  lesion  of  lower  motor  neurone.  But  this  does  not  exhaust  the  possi- 
bilities of  a  neurogenic  origin,  for  it  has  been  suggested  that  the  atrophy 
may  be  due  to  the  loss  of  a  hypothetical  trophic  influence  that  normally 
reaches  the  muscles  through  sympathetic  fibres.  This  hypothesis 
has  received  warm  support  from  Naegeli  and  his  co-workers,  who 
maintain  that  the  primary  defect  in  this  disease  is  a  "  pluriglandular 
disorder  of  internal  secretion  "  ;  to  explain  the  muscular  symptoms 
they  assume  that  the  functions  of  voluntary  muscles  can  be  influenced 
through  the  sympathetic  system  and  therefore  indirectly  by  the  ductless 
glands  ;  striped  muscle,  they  say,  identifying  themselves  with  the  views 
of  Frank  [13]  and  others,  has  a  double  innervation  by  ordinary  motor 
fibres  which  supply  the  fibrils,  the  part  of  the  muscle  concerned  in 
phasic  contractions,  and  by  sympathetic  fibres  which  supply  the 
sarcoplasm,  the  part  of  the  muscle  concerned  with  tonic  contractions, 
and  it  is  to  disturbance  in  the  innervation  of  the  sarcoplasm  that  atrophy 
and  myotonia  in  this  disease  are  said  to  be  due.  A  discussion  on  this 
alleged  dual  innervation  of  the  somatic  musculature  would  be  out  of 
place  here,  but  as  explanations  of  many  obscure  phenomena  of 
nervous  disease  have  been  based  on  the  assumption  that  the  sym- 
pathetic nervous  system  has  an  influence  on  the  tone  and  nutrition 
of  voluntary  muscles,  v^e  think  it  should  be  stated  that  competent 
observers  in  increasing  numbers  have  protested  against  the  un- 
warranted conclusions  to  which  the  possible  existence  of  sympathetic 
endings  in  striped  muscle  have  given  rise.  In  the  words  of  one 
highly  qualified  observer,  the  whole  subject  "  still  remains  within  the 
realms  of  pure  fantasy,"  and  there  are  many  who  agree  with  him. 
Be  this  as  it  may,  we  must  admit  that  a  neurogenic  origin  for  the 
muscular  atrophy  in  dystrophia  myotonica  is  as  yet  "  not  proven," 
and  that  in  the  present  state  of  our  knowledge  we  must  look  beyond 
the  ductless  glands  for  its  cause. 

(3)   Cataract. 

Among  the  many  extra-muscular  symptoms  of  dystrophia  myotonica 
cataract  holds  the  place  of  first  importance,  not  because  of  its  frequency 
— it  occurs  in  less  than  half  of  the  cases — but  because  of  the  decisive 
part  it  has  played  in  the  development  of  our  knowledge  of  the  disease 
as  a  whole.     Its  occurrence  in  this  disease  was  described   for  the  first 
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time  by  one  of  us  [16]  in  1911.  In  the  same  year  cases  were  reported 
by  Kennedy  and  Oberndorf  [34] ,  and  Ormond  [44] ,  and  since  then 
others  have  been  described  by  Kennedy  [33],  Hoffmann  [30],  Cursch- 
mann  [8],  Lohlein  [38],  Hauptmann  [24],  Rohrer  [46],  Fleischer 
[12],  Riilf   [49]   and  others. 

This  curious  combination  of  degenerative  changes  in  structures  so 
dissimilar  as  lens  and  muscle  at  once  arrested  attention.  Greenfield 
[16]  in  his  original  paper  was  the  first  to  suggest  that  "  the  degenera- 
tive conditions  in  the  lens  and  muscles  may  be  due  to  a  deficient  vitality 
on  the  part  of  the  tissues  showing  itself  in  these  somewhat  specialized 
structures."  In  1912,  Hoffmann  [30]  reviewed  the  published  cases  and 
expressed  the  opinion  that  cataract  and  myotonia  atrophica  were 
intimately  connected;  in  the  same  year,  Curschmann  [8],  seeing 
in  the  association  of  cataract  with  the  other  extra-muscular  symptoms 
evidence  of  a  general  intoxication,  rejected  all  the  pre-existing 
myogenic  theories  of  the  disease,  and  formulated  the  hypothesis  that  it 
is  due  to  a  disturbance  in  the  organs  of  internal  secretion  or  of  the 
central  nervous  mechanisms  that  control  them. 

Subsequent  observations  on  the  incidence  of  cataract  have  further 
enhanced  its  significance,  for  increasing  knowledge  has  shown  that 
the  other  remarkable  features  first  exemplified  in  Greenfield's  family 
are  also  characteristic  of  the  disease  ;  we  refer  to  the  occurrence  of 
cataract  in  the  otherwise  healthy  brothers  and  sisters  of  patients  with 
dystrophia  myotonica,  and  in  otherwise  healthy  members  of  earlier 
generations  of  the  afflicted  families.  In  Greenfield's  family  five 
members  in  the  same  generation  suffered  from  dystrophia  myotonica, 
two  with  and  three  without  cataract,  and  two  from  cataract  alone ;  a 
paternal  aunt  and  grandfather  also  had  cataract. 

In  a  family  described  by  Hoffmann,  dystrophia  myotonica  with  and 
without  cataract,  as  well  as  cataract  alone,  was  found  in  the  dystrophic 
generation,  and  a  grandfather  had  cataract.  Following  these  observa- 
tions, the  occurrence  of  uncomplicated  cataract  in  the  brothers  and 
sisters  of  dystrophic  patients  was  noted  with  increasing  frequency  and 
was  soon  accepted  as  one  of  the  features  of  the  disease.  With  regard 
to  cataract  in  earlier  generations,  however,  the  number  of  observations 
remained  small  (Greenfield,  Ormond,  Hoffmann)  ;  no  one  ventured  to 
suggest  that  it  was  more  than  a  coincidence  and  no  material  addition 
to  our  knowledge  of  this  aspect  of  the  subject  was  made  until  1918 
when  Fleischer  [12]  published  a  remarkable  account  of  thirty-five 
cases  of  dystrophia  myotonica  with  cataract  that  had  come  under  obser- 
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vation  in  the  eye  department  of  The  University  Hospital  at  Tubingen. 
Fleischer's  patients  were  distributed  over  twenty-seven  families ;  in 
eleven  of  these  one  of  the  otherwise  healthy  parents  of  children  with 
dystrophia  myotonica  had  cataract,  and  uncomplicated  cataract  occurred 
frequently  in  the  brothers  and  sisters  of  the  parents  and  in  members  of 
earlier  generations. 

In  one  remarkable  family,  for  example,  where  three  brothers  and 
sisters  were  the  parents  of  children  who  developed  the  disease,  these 
three,  their  younger  brother,  a  sister  of  the  grandfather  and  a  daughter 
of  his  sister,  as  well  as  the  common  ancestor,  the  great-grandfather  of 
the  dystrophic  generation,  all  had  cataract  but  were  otherwise  healthy. 
To  Fleischer's  eleven  families  with  uncomplicated  cataract  in  earlier 
generations  we  can  now  add  one  of  Curschmann's  [10]  with  cataract 
in  three  members  of  the  dystrophic  generation,  in  four  of  the  preceding 
generation,  and  in  one  of  the  generation  before  this. 

With  all  this  evidence  before  us,  then,  we  may  now  conclude  that 
cataract  in  earlier  generations  is  also  one  of  the  characteristics  of  the 
disease.  So  far  we  have  used  the  term  cataract  without  qualification  ; 
its  characters,  however,  are  not  the  same  in  the  different  generations  ; 
in  patients  with  dystrophia  myotonica  and  in  their  brothers  and  sisters, 
<;ataract,  if  it  occurs  at  all,  appears  at  an  early  age;  in  the  members  of 
the  preceding  generation  it  appears  later  but  is  still  presenile  in  most 
instances,  whilst  in  earlier  generations  it  comes  on  in  old  age  as  ordinary 
senile  cataract. 

This  remarkable  "  anticipation  "  was  evident  in  twelve  of  Fleischer's 
families,  and  is  well  illustrated  in  one  where  cataract  occurred  in 
different  members  of  the  dystrophic  generation  at  the  ages  of  27,  30, 
31  and  40  years,  and  in  the  preceding  generation  at  the  ages  of  37,  38, 
52,  56  and  65  years,  whilst  a  member  of  the  generation  before  this  and 
his  father  had  ordinary  senile  cataract.  In  Curschmann's  family  the 
ages  were  38,  42,  44  and  47  in  the  dystrophic  generation  and  50,  50,  78 
and  80  in  the  preceding  generation. 

In  its  typical  form  the  presenile  cataract  of  the  dystrophic  genera- 
tion begins  as  a  star-shaped  opacity  first  in  the  posterior  and  then  in 
the  anterior  cortical  lamellae,  with  or  without  very  fine  punctiform 
opacities  scattered  throughout  the  lens.  It  ripens  quickly  to  a  total 
soft  cataract  with  a  small  nucleus,  at  about  the  same  time  in  both  eyes. 
In  the  preceding  generation  its  characters  are  much  the  same  except 
that  consistent  with  the  more  advanced  age  at  onset  the  nucleus  is 
larger  and  harder.  In  earlier  generations  it  comes  on  in  old  age  and 
has  the  characters  of  ordinary  senile  cataract. 
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It  is  not  yet  possible  to  say  in  what  proportion  of  cases  cataract 
occurs ;  it  may  be  symptomless  and,  as  it  is  only  recently  that  a  special 
examination  of  the  lens  has  formed  a  part  of  the  routine  examination 
of  these  cases,  most  of  the  older  reports  are  valueless  for  statistical 
purposes. 

The  difficulty  is  still  greater  in  the  case  of  the  earlier  generations 
because  patients  often  know  very  little  about  their  relatives  and  the 
opportunity  for  examining  more  than  a  few  of  them  is  rarely  obtained. 
Ten  years  ago  Hoffmann  estimated  that  10  per  cent,  of  patients  with 
dystrophia  myotonica  also  had  cataract  ;  Curschmann's  estimate  (1922) 
is  30  per  cent.  ;  time  may  show  that  it  is  even  higher  than  this. 

Of  Fleischer's  thirty-eight  cases  with  cataract  twenty-four  were 
women ;  this  is  surprising  because  the  incidence  of  the  disease  accord- 
ing to  collected  statistics  is  greater  in  males  in  a  proportion  of  five  to 
one.  Further,  most  of  his  patients  between  the  ages  of  25  and  35 
years  were  women,  whilst  those  between  35  and  45  were  men ;  and 
as  the  other  symptoms — muscular  atrophy  and  myotonia — were  always 
found  with  the  cataract  his  cases  seem  to  prove  that  cataract  is 
commoner  in  women,  and  that  not  only  cataract  but  also  the  disease 
itself  appears  at  an  earlier  age  in  this  sex. 

Some  additional  points  regarding  the  incidence  of  cataract  will  be 
considered  when  we  come  to  discuss  dystrophia  myotonica  as  a  heredo- 
familial disease. 

(4)    Other  Dijstrophic  Sijviptoms. 

Atrophy  of  the  testicles  was  noted  first  by  Fiirnrohr  [15]  ;  next  to 
baldness  it  is  perhaps  the  most  frequent  extra-muscular  symptom.  Its 
value  as  an  objective  sign  is  not  great,  as  the  size  and  consistence  of  the 
testicles  varies  so  much  in  normal  persons,  and  its  presence  or  absence 
in  a  given  case  will  depend  on  the  observer's  idea  of  the  normal.  There 
is  no  doubt,  however,  that  the  sexual  functions  are  affected  sooner  or 
later  in  a  very  large  number  of  cases  of  both  sexes,  and  it  is  reasonable 
to  connect  the  almost  constant  loss  of  desire  and  power  in  males  with 
changes  in  these  organs.  The  statement  is  often  made  in  case  reports 
that  the  patients  have  never  had  intercourse  ;  in  some  the  external 
genitals  remain  infantile  ;  celibacy  and  childless  marriages  are  common. 
More  often  the  sexual  life  is  normal  up  to  the  age  of  25  or  80  with 
normal  procreative  powers  :  then  as  the  disease  develops  desire  and 
power  disappear.  One  of  our  patients  begat  a  healthy  child  at  the  age. 
of  30,  four  years  after  the  onset  of  the  disease. 
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Baldness,  especially  in  the  frontal  region,  is  very  frequent,  and  in 
some  cases  the  growth  of  hair  on  other  parts  of  the  body  is  scanty. 
A  general  wasting  of  all  tissues  of  the  body  and  a  loss  of  body  weight 
much  greater  than  can  be  accounted  for  by  muscular  atrophy  is  seen  in 
many  cases.  It  has  been  stated  that  this  is  due  in  part  to  a  diminution 
in  the  calcium  content  of  the  bones,  and  it  is  probable  that  this  defect 
plays  a  part  in  the  production  of  the  spinal  and  other  bony  deformities 
that  are  sometimes  present  in  advanced  cases. 

Increased  secretion  of  sputum,  sweat  or  tears,  has  been  a  symptom 
in  a  number  of  cases.  (Ortleb  [45],  Hauptmann  [25],  Curschmann 
[8]  and  others).  Hauptmann  attaches  particular  importance  to  this 
group  of  symptoms  as  he  sees  in  it  evidence  of  a  disorder  of  autonomic 
innervation.  In  two  of  our  cases  we  thought  at  first  that  the  forehead 
was  constantly  covered  in  sweat,  but  closer  observation  showed  that 
the  moist  appearance  was  due  to  an  excess  of  natural  grease.  We 
have  never  seen  a  case  in  which  the  secretion  of  sputum  or  sweat  was 
increased ;  in  two  cases  the  eyes  watered  readily,  but  whether  this  was 
due  to  lagophthalmos  or  to  excessive  secretion  of  tears  we  are  unable 
to  say. 

The  effects  of  injections  of  substances  which  are  supposed  to  be  of 
value  in  revealing  the  state  of  the  autonomic  and  sympathetic  nervous 
systems,  as  pilocarpin,  atropin,  adrenalin,  have  been  investigated  in  a 
number  of  cases  with  contradictory  results.  Excessive  reactions  to 
pilocarpin  have  been  noted  by  Hauptmann  [24]  and  Fiinfgeld  [14], 
but  in  one  of  our  cases  susceptibility  to  this  drug  seemed  to  be 
diminished  rather  than  increased  ;  it  is  certain  that  these  reactions, 
even  if  they  mean  anything,  are  not  constant  in  this  disease  and  further 
investigations  are  necessary  before  it  can  be  said  that  they  are  frequent. 
Details  of  the  methods  in  use  are  given  in  an  article  by  Fiinfgeld  [14]. 

Other  occasional  findings  that  have  been  recorded  as  evidence  of 
disorder  of  the  ductless  glands  are  :  increase  in  the  relative  number  of 
lymphocytes  in  the  blood,  eosinophilia,  increase  in  the  coagulation  time 
of  the  blood,  increase  or  diminution  in  the  size  of  the  thyroid  gland, 
vasomotor  disturbances,  especially  cyanosis  and  coldness  of  the 
extremities  (whatever  its  significance,  this  symptom  is  certainly 
common),  increased  irritability  of  the  facial  nerve,  and  others  which 
are  supposed  to  indicate  vagotonia  or  sympatheticotonia. 

All  these  minor  signs  have  been  present  in  some  cases  and  absent 
in  others,  just  as  they  would  be  in  the  same  number  of  individuals 
either  healthy  or  suffering  from  some  other  disease,  and  as  it  is  more 
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than  probable  that  the  whole  subject  of  the  relation  of  the  ductless 
glands  to  the  sympathetic  and  autonomic  systems  will  soon  be  subjected 
to  drastic  revision  we  do  not  consider  that  it  is  profitable  to  discuss 
these  symptoms  in  further  detail. 

Tabetic  symptoms. — Loss  or  diminution  of  the  tendon  reflexes  in 
the  upper  and  lower  limbs  has  been  noted  in  a  large  number  of  cases ; 
indeed  it  is  extremely  rare  for  all  of  them  to  be  present.  That  this 
should  occur  when  atrophy  of  the  muscles  is  severe  is  not  surprising, 
but  it  often  happens  that  the  knee-jerks,  for  example,  are  absent  when 
the  muscles  concerned  appear  to  be  healthy.  A  ready  explanation  for 
this  was  found  in  the  degeneration  of  the  posterior  columns  described 
by  Steinert  in  his  case  which  remained  for  many  years  the  only  one 
that  had  been  examined  after  death  ;  but  this  degeneration  was  absent 
in  all  the  cases  that  have  come  to  autopsy  recently,  and  it  seems  as  if 
the  cause  for  the  loss  of  reflexes  must  be  sought  in  the  muscles 
themselves. 

Objective  sensory  disturbances  were  present  in  the  lower  limb  in 
one  of  Curschmann's  early  cases,  but  this  has  never  been  found  since 
and  we  can  safely  conclude  that  it  was  fortuitous.  On  the  other  hand, 
subjective  disturbances,  in  the  form  of  severe  pains  in  the  lower  limbs, 
have  been  described  in  many  cases,  particularly  about  the  time  of  onset 
of  the  disease,  as  in  one  of  our  cases  and  in  others  described  by  Batten, 
Hoffmann,  Eossolimo,  Curschmann,  Rohrer  and  Eulf. 

The  peculiar  gait  of  some  of  the  patients  with  this  disease  has  also 
been  included  amongst  the  so-called  tabetic  symptoms.  The  patient 
fears  sudden  falls  and  therefore  walks  carefully  on  a  rather  wide  base  ; 
weakness  of  the  leg  muscles  and  a  tendency  to  dropped  foot  introduces 
a  steppage  element ;  the  extensors  of  the  neck  are  weak  and  the  head 
inclines  forward  so  that  the  eyes  appear  to  be  directed  towards  the 
ground,  and  altogether  the  resemblance  to  the  gait  of  some  tabetics 
is  a  close  one  but  it  is  entirely  superficial. 

Romberg's  sign  has  been  described  in  one  or  two  cases,  but  seeing 
that  sensory  disturbances  are  never  present,  its  significance  cannot  be 
the  same  as  the  true  Rombergism  of  tabes.  Sphincter  disturbances 
were  noted  in  several  cases  but  only  in  the  terminal  stages  of  the 
disease. 

Other  symptoms. — Considerable  attention  has  been  given  to  the 
psychical  changes  in  this  disease,  but  it  cannot  be  said  that  any  par- 
ticular change  is  constant  or  characteristic.  As  all  the  patients  have 
belonged  to  the   lower   classes  it  is  perhaps  not  surprising  that  their 
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intellectual  attainments  have  not  been  high  ;  all  our  male  patients  had 
earned  their  own  living,  some  of  them  in  trades  that  demanded  a 
considerable  amount  of  intelligence.  In  many  cases,  however,  the 
temperament  shows  a  peculiarity  that  is  rather  difficult  to  define  ; 
dulness  and  lack  of  interest  are  perhaps  more  apparent  than  real  in  the 
majority  of  cases,  as  the  expressionless  face  is  apt  to  be  misleading. 

It  is  often  very  difficult  to  elicit  the  facts  of  the  family  history  and 
sometimes  it  seems  as  if  they  are  withheld  voluntarily  ;  the  patients  are 
often  suspicious  and  mistrustful,  resenting  examination  and  refusing  to 
submit  themselves  to  special  tests ;  they  leave  hospital  without  warning 
before  the  physical  examination  is  completed  and  they  cannot  be  trusted 
to  present  themselves  for  exhibition  at  a  time  that  had  been  arranged. 
As  a  rule  they  are  selfish,  unsociable  and  difficult  to  manage,  but  they 
are  cunning  and  shrewd  and  well  able  to  look  after  their  own  interests  ; 
some  of  our  patients  on  the  other  hand  were  pleasant  individuals, 
entirely  free  from  psychical  defects  and  peculiarities  of  temperament. 

Speech  is  nearly  always  affected.  The  voice  is  low,  it  lacks  intona- 
tion and  has  a  more  or  less  definite  nasal  quality.  These  defects  have 
been  attributed  to  muscular  atrophy  and  to  myotonia  ;  perhaps  both 
play  a  part,  as  the  lips,  tongue,  soft  palate  and  vocal  cords  are  often 
weak,  and  the  tongue  and  perhaps  other  muscles  as  well  are  frequently 
myotonic. 

Stigmata  of  degeneration  are  often  present.  We  have  been  struck 
by  the  almost  constant  presence  of  a  very  high,  narrow,  hard  palate 
in  these  cases. 

Extreme  slowness  of  the  heart  has  been  observed  in  isolated  cases 
(Rohrer,  Griffiths,  Maas  and  Zondek). 

Maas  and  Zondek  [39]  have  described  three  cases  in  which  they 
found  a  dilated  heart  and  a  definite  increase  in  the  As-Vs  interval  in 
electro-cardiographic  tracings.  This  observation  lacks  confirmation  ; 
in  the  one  case  that  we  have  examined  electro-cardiographically  the  time 
relations  of  the  events  in  the  cardiac  cycle  were  normal. 

IV. — Heredo-familial  Features. 

In  1916,  Rohrer  made  an  analysis  of  the  published  cases  of  dystrophia 
myotonica  and  found  that  it  was  familial  in  forty-three  cases  and  non- 
familial  in  forty-nine,  whereupon  he  subscribed  to  the  prevalent  opinion 
that  the  majority  of  the  cases  are  non-familial.  This  notion,  that  in 
certain  diseases  some  of  the  cases  are  familial  and  others  not,  is  one 
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with  which  we  are  famihar,  and  Rohrer's  figures  might  have  served  to 
perpetuate  it ;  fortunately,  however,  they  have  been  refuted  by  Fleischer, 
who  has  shown  that  in  dystrophia  myotonica  at  least  every  case  is  fami- 
lial, and  his  work  suggests  that  the  same  is  true  for  other  familial 
diseases  in  which  isolated  cases  are  supposed  to  occur.  This  observer 
made  ad  hoc  examinations  of  all  the  available  relatives  of  his  patients 
and  undertook  the  laborious  task  of  tracing  the  records  of  his  families 
through  many  generations  in  the  church  registers.  His  thirty-eight 
cases  were  distributed  over  nine  stocks ;  twenty-nine  of  the  cases  were 
obviously  familial,  as  other  children  in  the  family  were  affected,  and  in 
four  others  the  heredo-familial  factor  was  shown  in  the  presence  of 
presenile  cataract  in  one  of  the  parents,  so  that  only  five  cases  remained 
in  which  no  family  history  was  obtained.  In  these  the  investigations 
were  incomplete,  or  the  patients  had  disappeared,  and  their  families 
could  not  be  traced.  In  two  families,  brothers  and  sisters  alone  were 
affected  ;  in  one  family  three  brothers  and  sisters  who  had  cataract  but 
were  otherwise  healthy  transmitted  the  disease  to  some  of  their  offspring  ; 
in  one  family  the  affected  members  in  two  branches  had  a  common 
great  grandfather ;  in  two  unrelated  families  the  affected  children  in 
two  branches  of  each  had  a  common  great-great-grandfather  ;  in  two 
other  unrelated  stocks,  the  relationship  of  the  affected  members  went 
back  to  a  common  great-great-great-grandfather. 

Fleischer's  figures  contrast  strongly  with  those  of  Rohrer  and  must 
be  accepted  as  proof  of  the  contention  that  when  a  family  history  can- 
not be  obtained,  it  is  much  more  likely  that  the  investigations  are 
incomplete  than  that  the  case  is  non-familial. 

It  is  easy  to  understand,  on  the  other  hand,  why  so  many  apparently 
non-familial  cases  have  been  reported.  In  the  first  place,  the  patient's 
statement  that  no  other  member  of  his  family  is  similarly  affected  is 
often  accepted  as  true ;  but  these  patients  are  notoriously  untrustworthy 
on  this  point,  and  they  often  give  the  impression  that  they  withhold 
information  purposely,  sometimes  for  obvious  reasons  connected  with 
claims  for  compensation  or  pensions,  sometimes  for  no  discoverable 
reason.  Hauptmann,  one  of  the  first  writers  to  insist  on  the  invariable 
familial  nature  of  these  cases,  has  discussed  these  difficulties,  and  every- 
one who  has  had  dealings  with  these  patients  must  have  encountered 
them.  An  excellent  example  is  furnished  by  Bramwell  [6],  who  relates 
that  one  of  his  patients  went  so  far  as  to  deny  that  he  had  any  brothers 
and  persisted  in  his  denials  until  he  was  confronted  with  a  photograph 
of  himself  and    two  brothers  that    had    been    taken    at    the    hospital 
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some  years  before.  Again,  patients  of  the  class  in  which  this  disease 
occurs  often  know  very  httle  of'their  relatives,  especially  of  their  cousins 
and  more  distant  relatives  of  the  same  child  rank  as  themselves,  that  is 
in  just  those  members  in  whom  the  disease  is  likely  to  occur ;  further, 
the  disease  manifests  itself  during  a  short  period  of  life  only,  and  a 
patient  who  has  perhaps  known  a  cousin  as  a  healthy  young  adult  may 
well  be  unaware  of  the  affliction  that  has  come  upon  him  later  in  life. 
Another  difhculty  arises  from  the  fact  that  one  or  two  children  alone 
may  be  affected  in  a  large  family  ;  one  child  in  eight,  one  in  nine,  two  in 
fourteen,  two  in  twelve,  two  in  eleven  was  the  incidence  in  certain 
families. 

But  even  when  one  child  alone  is  attacked  it  is  not  justifiable 
to  conclude  that  the  case  is  non-familial,  for  in  one  of  Fleischer's 
families,  in  which  one  child  in  eight  was  affected,  the  familial  factor  was 
disclosed  when  it  was  discovered  that  this  patient  and  another  apparently 
non-familial  case  had  a  common  great-great-grandfather.  In  the  face 
of  evidence  such  as  this  few  will  have  the  temerity  to  maintain  that 
any  isolated  case  of  dystrophia  myotonica  or  indeed  of  any  other  familial 
disease  is  in  reality  non-familial,  and  most  will  be  prepared  to  acknow- 
ledge the  truth  of  Hauptmann's  dictum  that  if  a  family  history  is 
not  forthcoming  either  the  diagnosis  is  incorrect  or  the  investigations 
are  incomplete. 

Perhaps  the  most  remarkable  fact  that  has  been  brought  to  light  by 
Fleischer's  genealogical  studies  is  this,  that  the  disease  may  be  trans- 
mitted latently  through  as  many  as  six  generations  to  burst  forth 
suddenly  in  a  number  of  families  at  the  same  distance  from  a  common 
ancestor.  Transmission  seems  to  take  place  through  males  and  females 
indiscriminately,  but  the  fully  developed  disease  is  more  frequent  in 
males.  It  seems  to  us,  too,  that  the  syndrome  we  call  dystrophia 
myotonica  is  confined  almost  entirely  to  one  generation.  The  mother 
of  one  of  Batten's  patients  had  "  difficulty  in  letting  things  go  "  all  her 
life,  but  no  account  of  other  symptoms  was  obtained,  and  she  attained 
the  age  of  82,  which  is  almost  double  the  age  that  has  ever  been  reached 
by  any  patient  with  the  fully  developed  disease.  The  father  of  Tetzner's 
patient  had  "  wasting  of  the  muscles."  One  of  our  patients  told  us 
that  his  father  "  always  slept  with  his  eyes  open,"  but  was  "  very 
healthy  and  strong."  The  father  of  one  of  Curschmann's  patients 
"  walked  unsteadily  and  his  speech  was  indistinct."  Four  uncles  and 
aunts  and  the  grandfather  of  one  of  Eohrer's  patients  were  said  to  be 
affected  with  the   same   disease,   "  it  ran  in  the    family."      We  have 


DYSTEOPHIA   MYOTONICA    (MYOTONIA   ATROPHICA)  119 

collected  several  more  similar  observations,  but  in  almost  every  other  case 
report  it  is  stated  definitely  that  the  parents  and  other  relatives  of 
earlier  generations  were  free  from  symptoms  suggestive  of  the  disease. 
Fleischer's  records  are  of  the  greatest  value  because  particular  attention 
was  paid  to  this  point,  and  his  conclusion  is  that  the  occurrence  of 
dystrophia  myotonica  in  the  ancestors  of  his  patients  was  not  only 
never  proven  but  was  not  even  probable  in  a  single  instance.  The  rule, 
however,  is  not  absolute,  for  Grund  [20]  has  described  a  mother  and 
two  sons  who  suffered  from  the  disease  in  a  typical  form,  and  Cursch- 
mann  [8]  found  it  in  a  father  and  son.  In  the  present  state  of  our 
knowledge,  then,  it  seems  as  if  the  position  is  that  in  the  great  majority 
of  cases  the  parents  of  the  dystrophic  generation  are  healthy  (apart,  of 
course,  from  the  frequent  occurrence  of  presenile  cataract),  that  in 
certain  instances,  as  in  the  one  case  where  the  absence  of  closure  of  the 
eyelids  during  sleep  may  be  accepted  as  evidence  of  weakness  of  the 
facial  muscles,  and  in  Batten's  case,  where  myotonia  was  almost  certainly 
present,  the  parents  of  the  dystrophic  generation  may  present  some  of 
the  features  of  the  disease,  whilst  in  isolated  instances  the  fully 
developed  disease  occurs  in  members  of  more  than  one  generation. 

It  is  perhaps  too  early  to  say  that  the  disease  dies  out,  as  it 
seems  to  do,  with  the  generation  in  which  dystrophia  myotonica  occurs ; 
records  exist,  however,  of  about  one  hundred  children  and  of  a  number 
of  grandchildren  of  dystrophic  patients,  and  none  of  these,  apart  from 
the  exceptional  cases  of  Grund  and  Curschmann,  has  shown  any  sign 
of  the  disease. 

Bat  although  the  syndrome  that  we  call  dystrophia  myotonica 
seems  to  be  confined  almost  entirely  to  one  generation  the  presence 
of  the  degenerative  heredo-familial  disease  in  earlier  generations 
is  often  betrayed  by  other  signs,  especially  by  the  occurrence  of 
cataract  in  the  generation  to  which  the  parents  of  the  dystrophic 
patients  belong,  and  in  the  members  of  still  earlier  generations 
as  well.  In  addition  to  cataract,  Fleischer  found  in  his  families 
frequent  celebacy,  many  childless  marriages,  numerous  twin  births, 
a  high  infantile  mortality,  a  very  high  birth-rate  in  early  generations, 
with  a  low  birth-rate  in  later  generations,  a  dying  out  of  certain 
branches  of  the  families,  a  steady  decline  in  the  family  fortunes  from 
comparative  afduence  to  poverty,  all  of  which  he  regards  as  evidence 
that  these  families  are  in  the  grip  of  a  progressive  degenerative  disease. 
He  points  out  further  that  the  criteria  for  the  heredo-familial  degenera- 
tive diseases,  as  laid  down  by  Londe,  Jendrassik,  Higier  and  Bing,  are 
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all  fulfilled  in  that :  (1)  several  members  of  the  same  generation  are 
attacked  in  the  same  manner  (homologous  heredity)  ;  (2)  the  disease 
appears  in  several  members  of  the  same  generation  at  about  the  same 
age  (homochronous  heredity)  ;  (3)  the  basis  of  the  disease  is  endogenous  ; 
(4)  the  disease  progresses  steadily  from  the  moment  of  its  appearance. 
Further,  the  progressivity  in  succeeding  generations  that  is  seen  in 
other  hereditary  diseases  shows  itself  in  dystrophia  myotonica  by  the 
occurrence  of  cataract  which  appears  at  an  earlier  age  in  each  succeeding 
generation. 

Thanks  then  to  these  valuable  observations  of  Fleischer  upon 
which  we  have  drawn  so  freely,  we  may  safely  conclude  that  dystrophia 
myotonica  must  be  included  amongst  the  typical  heredo-familial 
diseases  such  as  spinal  and  cerebellar  heredo-ataxy,  familial  cerebral 
diplegia,  Huntington's  chorea,  progressive  neural  and  myopathic  mus- 
cular atrophy,  Thomsen's  disease,  familial  optic  atrophy,  amaurotic 
family  idiocy,  colour  blindness,  myoclonus  and  the  rest.  Within  this 
group  of  diseases  this  most  recent  addition  holds  a  place  of  peculiar 
interest  because  it  supplies  a  link  between  two  apparently  unrelated 
muscular  disorders,  in  that  both  myotonia  with  all  the  characters  of 
the  myotonia  of  Thomsen's  disease  and  muscular  atrophy  in  nature 
identical  with  that  of  the  muscular  dystrophies,  are  found  in  it  together  ; 
on  the  other  hand  it  introduces  a  new  kind  of  hereditary  disorder  into 
this  group  in  the  form  of  general  trophic  and  vasomotor  disturbances, 
cataract,  and  so  on.  It  remains  to  be  seen  whether  this  kind  of  dis- 
turbance occurs  in  other  forms  of  hereditary  nervous  disease,  and 
further  research  will  decide  whether  an  understanding  of  the  nature  of 
dystrophia  myotonica  will  throw  any  light  on  the  pathogenesis  of 
heredo-familial  nervous  diseases  in  general. 

V. — Pathology. 

The  study  of  the  pathological  anatomy  of  dystrophia  myotonica  has 
confirmed  the  views  already  set  forth  as  to  the  nature  of  the  disease 
without  leading  us  to  any  new  facts  as  to  its  aetiology,  or  definitely 
settling  many  questions  which  are  still  under  discussion.  By  far  the 
greatest  number  of  observations  has  been  made  on  the  muscle  alone, 
removed  at  biopsy,  and  the  variations  in  the  stage  of  the  disease  and 
consequently  in  the  degree  of  alteration  in  the  muscle  examined,  has 
led  to  some  confusion  as  to  the  interpretation  of  the  changes  which 
were  found. 

The    first    complete    post-mortem    examination   was    reported    by 
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Steinert  [54]  in  1909.  He  found  degeneration  of  the  dorsal  columns, 
and  dorsal  nerve  roots  in  the  lumbar  region  of  the  cord,  with  resultant 
pallor  of  the  column  of  Goll  in  the  cervical  region.  The  ventral  horn 
cells  and  ventral  roots  were  normal.  He  considered  the  degeneration 
of  the  dorsal  columns  in  his  case  to  be  due  to  the  chance  association 
of  tabes  with  the  muscular  dystrophy.  Later  post-mortem  examina- 
tions have  confirmed  this  view,  Hoffmann  [31]  in  two  post-mortem 
examinations  found  no  sign  of  disease  in  the  dorsal  columns  of  the 
cord.  Hitzenberger  [28]  reported  a  case  in  which  the  only  patho- 
logical change  in  the  spinal  cord  was  disappearance  and  atrophy  of 
some  of  the  ventral  horn  cells,  especially  those  of  the  ventro-lateral 
group  in  the  cervical  region.  Fischer  [11]  examined  another  case 
without  finding  any  evidence  of  disease  in  the  central  nervous  system. 
In  Bramwell's  [7]  case  Dawson  found  nothing  abnormal  except 
"  marked  pigmentation  of  the  anterior  horn  cells  and  cells  of  the 
posterior  root  ganglia  ;  and  amongst  these  cells  very  numerous  amyloid 
bodies." 

In  our  Case  4,  as  has  been  stated,  the  spinal  cord  showed  no  patho- 
logical alterations.  We  have  therefore  records  of  six  post-mortem 
examinations  since  that  of  Steinert,  none  of  which  showed  degenera- 
tion of  the  dorsal  columns.  Atrophy  and  disappearance  of  those  cells 
of  the  ventral  horns  which  are  connected  with  the  atrophied  muscles 
had  previously  been  described  in  cases  of  myopathy  by  Holmes  [32] , 
and  it  is  therefore  not  surprising  that  a  similar  find  should  have  been 
recorded  by  Hitzenberger  in  dystrophia  myotonica. 

Comparatively  little  attention  seems  to  have  been  paid  to  the  glands 
of  internal  secretion  in  post-mortem  examinations.  This  is  unfortunate, 
as  the  assumption  that  the  disease  arises  from  a  faulty  activity  of  these 
glands  rests  up  to  the  present  on  a  purely  clinical  foundation.  In  our 
case  there  were  changes  in  the  anterior  and  middle  lobes  of  the  pitui- 
tary body  and  in  the  cortex  of  the  suprarenal  gland,  of  a  degree  which, 
while  not  absolutely  pathological,  was  certainly  beyond  what  is  usual. 
Unfortunately  the  testicles,  the  thymus,  the  thyroid  and  the  para- 
thyroid glands  were  not  examined  microscopically,  as  at  the  time  of  the 
post-mortem  examination  our  attention  had  not  been  drawn  to  Naegeli's 
view  of  the  disease. 

The  changes  in  the  muscles  have  been  particularly  investigated  by 
Martin  Heidenhain  [20]  and  by  Slauck[53].  The  former  observer 
constantly  found  in  cross  sections  of  the  muscle  a  few  muscle  fibres 
presenting    a    narrow  zone  of   cross  striation    under   the   sarcolemma. 


I'll  ORIGINAL   ARTICLES   AND   CLINICAL   CASES 

Such  fibres  were  found  also  in  myotonia  congenita,  in  myx(jedema,  and 
in  the  eye  muscles  of  the  dog.  Heidenhain  considered  that  the  appear- 
ance was  due  to  one  or  more  muscle  fibrils  being  coiled  round  the 
bundle  of  fibrils  which  forms  a  muscle  fibre,  and  on  this  he  based  an 
ingenious  theory  of  the  myotonic  phenomenon.  But  the  sparseness  of 
fibres  showing  this  change,  and  their  occurrence  in  other  conditions 
than  myotonia,  militate  strongly  against  any  such  view. 

Slauck,  while  confirming  in  his  earlier  work  the  observations  of 
Heidenhain  as  to  the  appearance  of  the  muscle  fibres,  does  not  consider 
that  they  have  any  relationship  with  the  myotonic  phenomenon ;  and 
in  his  more  recent  work  he  states  that  in  several  cases  of  dystrophia 
myotonica  he  has  failed  to  find  any  such  fibres.  In  each  of  our  cases 
we  have  searched  carefully  for  the  appearance  described  by  Heidenhain 
without  finding  a  single  fibre  which  answered  to  his  description. 

The  degree  of  change  in  the  histological  appearance  of  the  muscles 
in  dystrophia  myotonica  appears  to  vary  with  the  severity  of  the 
wasting,  and  to  have  little  or  no  relationship  with  the  myotonic 
phenomena.  Thus  M.  J.  Stewart  in  his  examination  of  the  myotonic 
muscles  in  Griffith's  case  found  only  very  slight  alterations.  Through 
his  kindness  we  have  recently  had  the  opportunity  of  comparing 
sections  of  these  muscles  with  those  removed  in  our  Cases  1  and  2. 
We  were  thus  able  to  see  in  muscles  which  were  removed  during  life, 
and  which  showed  the  myotonic  reaction  in  a  typical  form,  three  stages 
of  the  disease  process.  In  Griffith's  case  the  muscles  were  approxi- 
mately normal,  showing  only  an  excess  of  sarcolemma  nuclei  which  have 
very  little  tendency  to  invade  the  muscle  fibres.  In  Case  *2  the  sarco- 
lemma nuclei  were  considerably  more  numerous,  and  many  had  invaded 
the  muscle  fibres,  producing  chains  of  central  nuclei.  In  Case  1  a  much 
more  advanced  stage  of  the  process  was  seen.  The  muscle  fibres  varied 
greatly  in  thickness ;  the  contour  of  some  was  irregular  and  a  few 
showed  signs  of  longitudinal  division.  The  longitudinal  striation  was 
exaggerated  and  the  transverse  striation  less  definite  than  normal,  so 
that  it  was  impossible  to  say  which  of  the  two  was  the  more  obvious ; 
and  in  cross  sections  the  individual  muscle  fibrils  could  be  clearly  dis- 
tinguished. The  sarcolemma  nuclei  had  proliferated  enormously,  giving 
rise  to  dense  chains  of  nuclei  both  within  and  along  the  border  of  the 
muscle  fibres,  and  many  heaps  of  similar  nuclei  lay  between  the  muscle 
fibres.  There  was,  however,  little  evidence  of  disappearance  of  muscle 
fibres.  The  intramuscular  connective  tissue  showed  only  a  slight 
increase. 
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In  our  post-mortem  case  still  greater  variations  were  found  between 
different  muscles.  Some  appeared  to  be  unaffected.  Others  showed 
slighter  or  greater  changes  of  the  types  just  described,  while  from 
some  the  muscular  substance  had  almost  completely  disappeared,  and 
had  been  replaced  by  connective  tissue  ;  when  this  was  the  case  the 
few  remaining  muscle  fibres  retained  their  cross  striation,  and  presented 
a  comparatively  healthy  appearance,  although  they  were  thinner  than 
normal,  and  contained  many  central  nuclei. 

Slauck  [53]  in  his  recent  paper  has  given  an  excellent  description 
of  these  changes  and  their  gradations,  as  shown  by  the  muscles  removed 
by  biopsy  in  six  cases  of  the  disease.  He  considers  that  while  they 
have  a  remarkable  similarity  to  the  changes  found  in  Erb's  classic  type 
of  muscular  dystrophy,  there  is,  in  dystrophia  myotonica,  a  greater 
tendency  to  the  formation  of  chains  of  nuclei  within  the  muscle  fibres. 

This  phenomenon  was  so  striking  in  many  of  the  muscles  which  we 
examined  that  v*'e  have  felt  justified  in  considering  it  as  ihe  charac- 
teristic feature  of  the  muscular  atrophy.  It  is  true  that  in  its  slighter 
degrees  it  is  present  in  many  forms  of  muscular  wasting.  For  example 
it  is  not  uncommon  to  find  in  atrophied  muscles  chains  of  elongated 
nuclei  lying  end  to  end,  and  separated  by  a  slight  interval.  But  the 
occurrence  of  twenty  or  more  rounded  nuclei  touching  one  another  and 
forming  a  chain  down  the  centre  of  the  fibre  is  much  less  common  ; 
and  we  have  never  seen  in  any  other  form  of  muscular  atrophy  the 
numerous  solid  rods  of  nuclear  matter  running  down  the  centre  of  the 
muscle  fibre,  which  formed  such  a  prominent  histological  feature  of 
our   cases. 

On  the  other  hand,  all  the  muscles  examined  in  Case  4  did  not  show 
these  central  chains  or  rods,  and  in  the  most  atrophied  muscles,  such 
as  the  sternomastoids  and  the  anterior  tibial  group,  they  were  un- 
common. They  appear,  therefore,  to  be  characteristic  especially  of  the 
early  and  middle  stages  of  the  atrophic  process. 

The  other  histological  changes  in  the  muscle  which  occur  both  in 
dystrophia  myotonica  and  in  other  forms  of  muscular  dystrophy  have 
been  well  summarized  by  Slauck.  As  described  by  him  the  disease  pro- 
cess affects  the  whole  muscle  substance,  but  picks  out  certain  fibres 
especially,  so  that  thick  and  thin  fibres  are  seen  lying  together.  In  the 
earliest  stages  there  is  an  increase  of  sarcolemma  nuclei  round  thick  and 
thin  fibres  alike,  though  in  some  fibres  the  atrophic  process  does  not 
appear  to  be  accompanied  by  any  increase  of  sarcolemma  nuclei.  At  a 
later  stage,  more  definite  signs  of  degeneration  appear ;  the  sarcolemma 
nuclei  tend   to  pass  into  the  centre  of  the  muscle  fibre,  and   become 
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arranged  in  rows  both  inside  it  and  along  its  surface.  The  muscle 
•fibres  lose  their  polygonal  shape  and  become  rounded,  and  in  many  of 
them  the  muscle  substance  disintegrates  so  that  only  a  collection  of 
sarcolemma  nuclei  remains  to  mark  the  place  from  which  a  fibre  has 
disappeared.  This  final  disintegration  may  affect  fibres  of  varying 
calibre,  and  not  those  of  the  smallest  size  only.  It  is  usually  preceded 
by  an  increase  of  the  internal  nuclei.  These  next  become  surrounded 
by  clear  haloes,  so  that  they  appear  to  be  nuclei  of  cells  which  have 
invaded  the  muscle,  rather  than  sarcolemma  nuclei.  The  disintegration 
of  the  muscle  substance  then  commences,  starting  usually  in  the  peri- 
phery of  the  fibres,  and  soon  results  in  a  shrunken  muscle  fibre  crowded 
with  darkly  staining  nuclei.  Along  with  the  degeneration  of  the  muscle 
fibres  there  is  an  increase  of  the  connective  tissue  between  them  in 
which  a  varying  degree  of  fat  deposition  takes  place,  and  eventually  this 
fatty  connective  tissue  more  or  less  completely  replaces  the  atrophied 
muscle.  Very  frequently  in  the  later  stages  of  the  process  dichotomous 
branching  of  the  remaining  muscle  fibres  can  be  seen.  This,  according 
to  Slauck,  is  an  ineffective  attempt  by  the  healthier  fibres  to  repair  the 
ravages  caused  by  the  disease. 

Our  own  observations  of  the  muscles  both  in  myopathy  and  in 
dystrophia  myotonica  agree  in  the  main  with  this  description.  In  the 
latter  disease  we  have  noticed  that  the  number  of  internal  nuclei  is  by 
no  means  always  proportionate  to  the  increase  of  the  sarcolemma  nuclei, 
nor  to  the  degree  of  disappearance  of  muscle  fibres.  Thus  in  Case  4 
the  peronei  and  the  long  flexors  of  the  forearm  showed  the  greatest 
number  in  internal  nuclei,  but  in  the  peronei  there  was  little  if  any 
excess  of  sarcolemma  nuclei  on  the  surface  of  the  fibres  ;  and  neither 
of  these  muscles  gave  evidence  of  much  loss  of  muscle  fibres. 

The  increase  of  the  longitudinal  striation  was  very  striking  in  several 
muscles  in  our  series,  both  in  those  removed  during  life  and  in  those  of 
our  post-mortem  case.  It  was  always  associated  with  a  diminution  in 
the  intensity,  and  sometimes  with  complete  disappearance,  of  the  trans- 
verse striation.  In  some  muscle  fibres  both  longitudinal  and  transverse 
striations  had  disappeared,  so  that  the  muscle  took  on  a  hyaline  appear- 
ance. This,  however,  was  not  common  ;  it  was  remarkable  that  the 
transverse  striation  was  often  preserved  even  in  the  finest  fibres.  In 
this  particular,  as  well  as  in  the  mode  of  disappearance  of  muscle  fibres, 
dystrophia  myotonica  corresponds  with  the  muscular  dystrophies  and 
differs  altogether  from  the  muscular  atrophies  of  nervous  origin. 

In  the  latter  the  process  appears  to  consist  chiefly  in  a  slow  pro- 
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gressive  shrinking  of  the  width  of  the  muscle  fibre,  associated  with 
some  degree  of  increase  of  sarcolemma  nuclei  ;  the  transverse  striation 
is  lost  comparatively  early,  so  that  few  fibres  of  less  than  25  yu,  thickness 
show  any  trace  of  it.  The  shrinkage  continues  until  the  sarcoplasm 
consists  merely  of  a  thin  thread  uniting  the  numerous  sarcolemma 
nuclei  ;  at  this  stage  considerable  areas  of  the  muscle  may  show,  in 
transverse  section,  small  rounded  fibres  of  about  10  /x.  in  diameter  which 
are  constituted  chiefly  by  a  swollen  sarcolemma  nucleus.  In  some,  at 
the  level  of  section,  the  whole  width  of  the  fibre  is  taken  up  by  the 
nucleus,  so  that  it  is  not  easy  to  distinguish  them  from  mononuclear 
cells.  Nothing  resembling  this  picture  is  ever  seen  in  dystrophia 
myotonica.  Where  a  fibre  has  recently  disappeared  its  place  is  marked 
not  by  one,  but  by  many  sarcolemma  nuclei,  and  many  of  the  muscle 
fibres  in  the  neighbourhood  are  relatively  thick.  And  in  the  areas  of 
greatest  atrophy  the  few  muscle  fibres  remaining  may  still  show  their 
transverse  striation. 

It  is  more  difficult  to  compare  the  increase  of  connective  tissue  in 
the  two  forms  of  muscular  wasting,  as  we  have  never  had  an  oppor- 
tunity of  examining  a  muscle  from  which  the  nerve  supply  has  been 
cut  off  for  more  than  three  or  four  years.  Such  muscles  show  a  con- 
siderable increase  of  connective  tissue,  especially  around  the  muscle 
bundles,  but  also  between  the  muscle  fibres.  In  Case  1  of  our  series  of 
dystrophia  myotonica  the  disease  had  progressed  for  rather  longer  than 
this  without  producing  more  than  a  slight  excess  of  connective  tissue. 
In  Case  4,  on  the  other  hand,  where  the  disease  had  been  in  evidence 
for  over  fifteen  years,  the  fibrosis  in  the  most  wasted  muscles  was 
extreme ;  but  in  other  muscles,  such  as  the  long  flexors  of  the  forearm 
and  the  peroneal  group  which  were  among  those  affected  at  an  early 
stage,  there  was  comparatively  little  excess  of  connective  tissue. 

It  appears,  therefore,  that  both  in  the  muscular  atrophy  following 
loss  of  nerve  supply,  and  in  dystrophia  myotonica,  the  overgrowth  of 
connective  tissue  is  a  purely  secondary  process,  and  is  largely  propor- 
tional to  the  degree  of  atrophy  of  the  muscles. 

VI. — Conclusion. 

Dystrophia  myotonica  is  a  disease  sui  generis  within  the  group  of 
heredo-familial  degenerative  disorders.  It  forms  a  link  between  other 
well-known  members  of  this  group  in  that  two  of  its  cardinal  symptoms 
— myotonia  and  muscular  atrophy — are  identical  in  nature  with  the 
same  symptoms  in  Thomsen's  disease  and  the  familial  muscular  dys- 
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trophies  respectively.  At  the  same  time  it  introduces  a  new  kind  of 
disorder  into  this  group  of  diseases,  in  the  form  of  certain  degenerative 
phenomena  in  parts  outside  the  muscular  and  nervous  systems. 

The  fully  developed  disease  is  confined  in  the  main  to  one  generation 
— the  dystrophic  generation  as  we  have  called  it — where  it  occurs  in 
some  members  of  a  number  of  families  of  the  same  child-rank  in 
relation  to  a  common  ancestor. 

The  members  of  preceding  generations  do  not  suffer  as  a  rule  from 
myotonia  or  muscular  atrophy,  but  they  often  develop  cataract  which 
appears  at  an  earlier  age  in  succeeding  generations,  and  genealogical 
investigations  reveal  evidence  of  progressive  deterioration  in  some 
branches  of  the  stock. 

In  the  dystrophic  generation  itself  some  members  remain  healthy, 
some  may  have  cataract  alone,  some  may  suffer  from  the  disease  in  an 
incomplete  form — one  of  the  cardinal  symptoms,  say  muscular  atrophy, 
being  absent ;  whilst  others  present  the  combination  of  muscular 
atrophy  and  myotonia  with  certain  extramuscular  symptoms  for  which 
the  name  dystrophia  myotonica  has  hitherto  been  reserved.  As  we 
have  seen  in  the  preceding  pages,  a  majority  of  the  latter  conform  to 
the  classical  descriptions  of  Batten,  Steinert,  and  Curschmann,  but  a 
consideration  of  the  foregoing  statements  shows  that  these  descriptions 
apply  to  a  type  only — to  a  syndrome  which  is  merely  one  aspect  of  an 
heredo-familial  disease  with  diverse  manifestations. 

The  disease  in  all  its  aspects  then  remains  undesignated,  but  this 
discrepancy  will  be  removed  if  the  name  dystrophia  myotonica  is 
transferred  to  the  disease  itself  from  the  syndrome  to  which  it  is  at 
present  applied.  For  the  syndrome,  which  also  requires  a  distinctive 
appellation,  "  dystrophia  myotonica,  type  Batten- Steinert-Curschmann," 
would  suffice. 
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IRON   IN  THE   BRAIN. 

BY  DE.  A.  GANS. 
(From  the  Laiorafory  of  the  Piovinciaal  Ziekcnhuis  nabij  Santpoort,  Holland.) 

The  specific  reactions  of  different  parts  of  the  nervous  system  to 
disease  are  well  known  to  the  neuropathologist.  He  is  familiar  with 
the  varying  forms  of  neuritis  due  to  alcohol,  lead,  arsenic,  and  the  toxins 
of  diphtheria  ;  the  almost  exclusive  affection  of  the  motor  grey  matter 
of  the  cord  in  Heine-Medin's  disease,  and  the  local  predilections  of  the 
morbid  processes  in  the  brain  in  general  paralysis  and  in  the  atrophies 
of  Pick.  Though  these  specificities  are  not  absolute,  they  enable  the 
clinician  to  recognize  by  means  of  special  symptoms  the  cause  of  the 
disease,  even  when  he  cannot  determine  exactly  the  parts  affected. 

A  reaction  which  demonstrates  specific  chemical  properties  of  some 
centres  of  the  brain  cannot  fail  to  be  of  interest  to  the  pathologist. 
The  iron  reaction  does  so  with  wonderful  clearness.  That  this  reaction 
reveals  the  existence  of  iron  particularly  in  the  nuclei  of  the  extra- 
pyramidal motor  system,  which  owing  to  the  researches  of  Wilson  and 
the  Vogts  are  of  particular  interest  at  present,  is  another  stimulus  for 
the  neurologist  to  study  it. 

These  centres  perhaps  more  than  any  others  in  the  nervous  system 
show  the  existence  of  a  striking  specificity  to  disease.  I  may  only  refer 
to  Wilson's  disease  and  Westphal's  pseudosclerosis,  in  which  there  is  an 
association  of  progressive  degeneration  of  the  nucleus  lentiformis  and  of 
the  liver  ;  the  lesions  of  paralysis  agitans  localized  in  the  globus  pallidus 
and  substantia  nigra  ;  post-encephalitic  Parkinsonism  with  characteristic 
alterations  in  the  substantia  nigra  ;  the  affection  of  the  globus  pallidus, 
and  in  some  cases  of  certain  parts  of  it  only,  in  poisoning  by  carbonic 
monoxide,  manganese,  hydrocyanic  acid  and  after  strangulation ;  the 
diseases  of  the  putamen  described  by  the  Vogts  as  "  status  marmoratus  " 
and  "status  dysmyelinisatus,"  and  the  "Kernicterus  "  of  Schmorl. 

The  iron  reaction  has  the  great  advantage  that  it  is  easily  carried  out 
and  can  be  consequently  applied  to  a  large  amount  of  material  with 
little  expenditure  of  time.  The  method  which  I  have  adopted  in  the 
following  research  has  been  developed  by  Spatz,  who  has  published  his 
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Fig.  1. — Section  of  a  brain  which  had  been  fixed  for  some  days  in  formalin. 


Fig.  2. — The  same  section  as  in  fig.  1,  after  being  immersed  for  five  minutes  in 
hydrosulphide  of  ammonium.  The  substantia  nigra  and  globus  pallidus  are  darkened,  and 
there  is  a  distinct  reaction  in  the  nucleus  dentatus.  The  putamen,  nucleus  caudatus  and 
the  lowest  layers  of  the  cortex  are  only  slightly  darker  than  before.  There  is  no  reaction  in 
•the  medulla  or  pons. 
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own  results  and  brought  together  the  Hterature  on  the  subject  in  a 
recent  article  [5]. 

The  existence  of  iron  in  the  nervous  system  can  be  demonstrated  in 
either  the  fresh  or  fixed  state,  and  macroscopically  or  microscopically. 
None  of  these  methods  can  be  neglected,  but  the  most  striking  results 
are  obtained  by  examining  the  fresh  brain  macroscopically. 

A  section  of  the  brain  is  placed  in  a  concentrated  deep  yellow 
solution  of  ammonium  hydrosulphide.  After  some  seconds  the  globus 
pallidus  and  the  substantia  nigra  always  show  a  greenish  grey  colour. 
It  is  important  to  observe  the  beginning  and  the  order  of  succession  of 
the  colouration,  since  when  they  are  completed  the  difference  in  in- 
tensity is  not  so  clear  as  at  first. 

After  some  minutes,  when  these  centres  have  become  dark,  other 
parts  begin  to  react  ;  of  these  the  nucleus  ruber  shows  the  strongest 
reaction,  and  next  the  nucleus  dentatus  cerebelli,  the  corpus  Luysi,  the 
putamen  and  nucleus  caudatus.  The  difference  in  the  staining  of  the 
putamen  and  of  the  globus  pallidus  is  of  great  importance  ;  it  is  seen 
most  clearly  at  the  beginning  of  the  reaction,  but  in  estimating  this 
difference  it  must  not  be  forgotten  that  the  putamen  has  naturally  a 
darker  colour  (figs.  1,  2,  8).  This  histo-chemical  difference  between  the 
globus  pallidus  and  the  putamen  and  nucleus  caudatus  may  be  associated 
with  their  different  ontogenesis  and  phylogenesis,  and  with  their  specific 
vulnerability  ;  this  is  seen  not  only  in  the  rather  rare  diseases  of  the 
extrapyramidal  motor  centres,  for  the  majority  of  cases  of  general 
paralysis  show  it  with  a  striking  clearness,  even  those  in  which  during 
life  extrapyramidal  motor  symptoms  were  not  observed.  In  the  putamen 
and  nucleus  caudatus  typical  cellular  infiltrations  are  found,  whilst  the 
globus  pallidus  is  free  or  nearly  free  of  them,  the  lamina  meduUaris 
externa  forming  a  sharp  demarcation  (fig.  4).  L.  Bounian  has  demon- 
strated a  similar  difference  in  the  local  distribution  of  plaques  in  senile 
dementia. 

In  some  cases  I  have  found  that  the  nucleus  dentatus  cerebelli 
reacted  more  strongly  in  its  dorsal  part.  Brouwer  [2]  has  described  a 
case  of  hemiatrophia  cerebelli  in  which  this  part  was  less  affected  ;  and 
from  the  figure  of  his  paper  it  seems  that  in  one  of  Hunt's  cases  of 
cerebellar  myoclonic  dyssynergia  [4]  this  part  of  the  nucleus  dentatus 
was  more  severely  involved.  Pathology  therefore  points  out  a  differen- 
tiation in  the  nucleus  dentatus. 

Some  time  after  the  reaction  of  the  centres  of  the  second  group  is 
completed  those  of  the  third  begin  to  stain :  viz.,  the  corpus  mamillare. 
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Fig.  3. — The  other  side  of  the  section  in  which  the  nucleus  ruber,  corpus  Luysi  and  corpus 
mamillare  have  taken  in  the  colour. 


Fig  4. — Putamen  and  globus  pallidus  in  a  case  of  general  paralysis.  There  are  manj' 
patches  of  infiltration  in  the  putamen  (t)  and  in  the  lamina  medullaris  externa!,  but  none  in 
the  globus  pallidus  which  is  in  the  right  half  of  the  figure. 
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the  ganglion  hal)enulfe,  the  nucleus  anterior  thalami,  the  cortex  cerebri 
and  the  cortex  cerebelli.  The  deeper  layers  of  the  cerebral  cortex  only 
react  clearly,  the  superficial  stain  very  feebly.  The  cornu  Ammonis 
often  gives  a  stronger  reaction  than  other  parts  of  the  cortex.  Perhaps 
the  difference  in  the  reaction  of  the  upper  and  lower  layers  of  the  cortex 
is  connected  with  its  differentiation  into  two  functional  regions  hori- 
zontally spread  over  the  brain,  as  has  been  demonstrated  by  the 
experiments  of  Nissl  and  Winkler,  and  the  researches  of  Nieuwenhuijse, 
Bielschowsky,  and  Van't  Hoog,  all  of  which  show  that  the  lower  layers 
are  in  more  direct  connection  with  other  parts  of  the  brain  than  are  the 
superficial  layers. 

A  foutth  group  of  centres  which  do  not  react  at  all,  or  very 
doubtfully,  includes  the  grey  matter  of  the  cord  and  medulla  oblongata, 
the  corpora  geniculata,  the  spinal  and  sympathetic  ganglia,  and,  what 
is  very  remarkable,  the  inferior  olives  despite  their  great  resemblance 
in  structure  to  the  strongly  reacting  dentate  nucleus  of  the  cerebellum. 

The  centres  giving  the  strongest  reaction,  as  the  globus  pallidus, 
zona  reticularis  of  the  substantia  nigra,  nucleus  ruber,  corpus  Luysi 
and  nucleus  dentatus,  have  in  the  fresh  state  a  light  reddish  brown 
colour.  This  cannot  be  explained  simply  by  the  existence  of  iron  in 
these  centres,  for  Spatz  has  shown  that  the  principal  reaction  is  given 
by  colourless  iron  combinations ;  there  are  centres  of  similar  colour,  as 
the  corpora  geniculata,  in  which  iron  is  not  found.  Though  it  is  not 
yet  possible  to  explain  it,  the  fact  may  be  of  significance. 

The  reaction  can  be  also  obtained  in  macroscopical  and  micro- 
scopical sections  by  the  Berlin-blue  test.  This  test  has  the  advantage 
that  the  staining  does  not  develop  so  rapidly,  and  the  order  of  beginning 
and  the  distinction  between  the  centres  can  be  therefore  followed  more 
easily ;  but  it  possesses  the  disadvantage  that  the  fluids  themselves 
produce  some  colouration.  The  method  is  very  simple :  a  section  of 
the  brain  is  placed  for  a  quarter  of  an  hour  into  a  freshly  made  2J 
per  cent,  solution  of  ferrocyanide  of  potassium,  and  then  in  an  abundant 
quantity  of  1  per  cent,  hydrochloric  acid.  It  is  not  advisable  to  leave 
the  section  longer  than  a  quarter  of  an  hour  in  the  acid,  since  spon- 
taneous staining  may  occur. 

Fixation  for  one  or  two  days  in  formalin  does  not  produce  marked 
differences,  but  very  old  formalin  material  cannot  be  used,  since  the 
formalin  dissolves  out  the  iron.  Old  alcohol  material,  however,  may  be 
employed,  but  the  white  fibres  of  the  reacting  centres,  which  take  no 
■colour  in  the  fresh  material,  stain  intensely  after  fixation  in  alcohol. 
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It  is  not  strictly  necessary  to  avoid  iron  or  steel  instruments  in 
cutting  the  material. 

The  best  method  for  microscopical  examination  is  the  Turnbull-blue 
reaction ;  it  is  not  so  satisfactory  in  thick  macroscopical  sections  because 
it  does  not  stain  deeply  enough,  but  in  microscopical  sections  it  gives 
strongly  contrasting  colours.  The  sections  remain  for  twelve  to  twenty- 
four  hours, in  a  concentrated  solution  of  ammonium  hydrosulphide  ;  then 
they  are  washed  carefully  in  distilled  water,  and  put  into  a  mixture  of 
1  per  cent,  hydrochloric  acid  and  a  freshly  made  solution  of  20  per  cent, 
ferricyanide  of  potassium,  in  equal  quantities ;  after  being  washed  they 
may  be  stained  by  alum-carmin.  As  celloidin  sections  wrinkle  very  much 
under  the  action  of  ammonium  hydrosulphide  the  celloidin  should  be 
dissolved  out  previously. 

All  these  reactions  render  visible  a  part  only  of  the  iron,  that  in 
certain  organic  combinations,  as  in  haemoglobin,  not  reacting.  In  order 
to  estimate  the  total  quantity  of  iron  the  tissue  must  be  destroyed  and 
examined  chemically ;  our  histo-chemical  methods  show  the  existence 
of  iron  in  situ,  but  that  part  of  it  only  which  reacts  to  these  chemical 
tests. 

In  microscopical  preparations  the  iron  is  seen  either  as :  (1)  A 
diffuse  reaction  of  the  whole  tissue  or  of  some  part  of  it ;  (2)  iron 
pigment  ;  or  (3)  small  granules.  The  latter  is  the  most  interesting 
form,  because  it  proves  the  vital  accumulation  of  the  iron  in  the 
tissues.  The  granules  which  give  the  reaction  have  no  natural 
colour,  as  may  be  seen  in  unstained  preparations.  They  are  found 
only  in  the  cytoplasm  of  ectodermal  cells  (glial  and  nervous)  of  the 
centres  of  the  first  group,  and  in  the  putamen  and  the  nucleus 
caudatus.  The  melanin  cells  of  the  substantia  nigra  contain  no  iron 
granules. 

Spatz  concluded  that  the  iron  demonstrable  histochemically  in  the 
extra-pyramidal  system  has  nothing  to  do  with  the  destruction  and 
synthesis  of  haemoglobin  ;  it  is  not  increased  in  cases  of  haemor- 
rhages or  in  intravascular  haemolysis.  Its  quantity  in  the  brain  is  very 
constant,  in  contradistinction  to  the  liver  and  spleen  in  which  haemo- 
globin is  destroyed  and  reformed. 

In  the  foetus  and  new-born  child  no  iron  is  found  in  the  brain,  but 
the  liver  and  spleen  contain  it  in  large  amounts.  It  is  the  globus  pallidus 
that  first  gives  the  reaction  ;  Spatz  saw  it  in  a  child  nearly  half  a  year 
old.  The  substantia  nigra  follows,  and  then  the  other  centres,  corre- 
sponding to  the  intensity  of  their  reaction  in  the  adult.     It  is  not  yet 
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proved  that  the  absence  of  the  reaction  in  very  young  children  is  due  to 
absence  of  iron  in  the  reacting  centres.  It  may  be  that  in  them  the 
iron  exists  in  a  histo-cheinical  form  in  which  it  cannot  be  demonstrated 
by  the  tests  employed.  The  brains  of  some  mammalia  give  the  reaction 
too,  though  not  so  intensely,  in  those  portions  which  correspond  to  the 
areas  which  react  most  strongly  in  the  human  brain,  that  is  the  globus 
pallidus  and  the  substantia  nigra.  Kappers  employed  it  on  the  brains 
of  birds  and  obtained  a  clear  reaction  in  the  meso-  and  palaeo-striatum, 
the  parts  homologous  to  the  globus  pallidus.  It  is  still  more  interesting 
that  he  obtained  a  reaction  too  in  the  nucleus  rotundus,  a  mass  of  grey 
matter  the  significance  of  which  is  doubtful,  though  it  is  regarded  by 
him  as  the  analogue,  if  not  the  homologue,  of  the  corpus  Luysi  in  man 
which  gives  a  distinct  iron  reaction. 

The  iron  reaction  gives  very  interesting  results  in  the  brain  of 
patients  who  suffered  from  general  paralysis.  Bonfiglio  [1]  was  the  first 
who  demonstrated  that  the  yellow  pigment  found  in  the  adventitial 
spaces  of  the  vessels  in  this  disease  contains  iron.  Lubarsch  found 
iron  pigment  without  exception  in  more  than  a  hundred  cases  of  general 
paralysis. 

The  method  of  examination  is  very  simple  :  a  small  piece  of  the 
cerebral  cortex  placed  in  ammonium  hydrosulphide  shows  after  some 
minutes  characteristic  dark  spots  and  stripes  in  connection  with  the 
vessels,  while  a  piece  of  a  non-paralytic  brain  put  into  the  same  fluid 
shows  only  a  feeble  staining  in  the  lower  layers  of  the  cortex.  A  small 
piece  of  the  paralytic  cortex,  as  large  as  a  pin's  head,  laid  on  slide, 
rubbed  with  glycerine  under  a  cover-glass  and  examined  with  the  micro- 
scope, shows  very  characteristic  deep  black  coloured  spots  along  the 
vessels  (fig.  5).  This  iron  is  haematogenous.  Spatz  found  it  in  meso- 
dermic  granular  cells,  in  adventitial  and  endothelial  elements,  and  in 
Nissl's  "  Stabchenzellen."  These  iron  granules  never  exist  in  glial 
cells,  nor  in  the  nervous  cells  of  the  cortex. 

Lubarsch  found  this  pigment  in  his  hundred  cases  of  general 
paralysis  only,  and  Spatz  detected  it  in  all  his  cases  of  general 
paralysis  and  in  three  cases  of  trypanosomiasis,  a  disease  which 
according  to  Spielmeyer  is  closely  related  to  general  paralysis,  but 
in  no  other  affections  of  the  brain.  I  have  also  found  the  reaction 
always  positive  in  general  paralysis,  even  in  a  brain  which  had 
remained  for  some  months  in  formalin.  As  the  whole  test  takes 
a  few  minutes  only  to  carry  out  we  have  in  it  a  rapid  means  of 
diagnosis    of    general    paralysis;    it    may  be    also    used    as  a  help  in 
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the    diagnosis    of    pieces    obtained    by  puncture  or    operation    on    the 
brain. 

Hallervorden  and  Spatz  [3]  have  described  interesting  results 
from  the  application  of  the  iron  reaction  to  the  brain  of  a  patient 
with  extrapyramidal  motor  symptoms.  There  was  an  almost  exclusive 
affection  of  the  globus  pallidus  and  the  substantia  nigra,  which  in  the 
unstained  state  were  of  a  red-brown  colour.  The  tests  demonstrated 
here,  and  here  only,  an  abundance  of  iron.  In  the  majority  of  cases  of 
disease  of  these  centres,  however,  Spatz  has  not  found  an  increase 
of  iron. 


Fig.  5. — iron  reaction  around  a  vessel  in  the  brain  of  a  general  paralytic. 


I  observed  in  the  asylum  of  Santpoort  a  young  woman  who  suffered 
for  some  years  from  marked  extrapyramidal  motor  symptoms.  The 
globus  pallidus,  the  putamen  and  nucleus  caudatus  were  reddish-brown, 
especially  the  globus  pallidus,  and  the  iron  reactions  revealed  a  con- 
siderable increase  of  iron  in  them. 

It  is  not  my  aim  to  give  here  a  complete  report  of  the  results 
obtained  by  the  iron  reaction  in  the  brain.  I  desire  only  to  direct 
attention  to  the  importance  of  this  promising  method  of  research, 
which  is  extremely  simple  and  falls  within  the  reach  of  every 
pathologist. 

We  do  not  yet  know  the  meaning  of  the  chemical  differences 
demonstrated  by  the  iron  reactions,  but  it  is  of  importance,  especially 
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since  its  investigation  may  lead  to  the  discovery  of  other  reactions 
which  may  demonstrate  chemical  peculiarities  in  centres  which  are  the 
substrate  of  specific  energies  and  their  psychical  equivalents.  Theories 
are  easily  to  be  made,  but  it  is  a  good  rule,  often  neglected  in  medicine, 
to  follow  the  maxim  of  Hughlings  Jackson,  that  "  the  study  of  things 
caused  must  precede  the  study  of  causes  of  things." 
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IRopal  Socictv  of  riDeMcine. 

President — Dr.  Wilfred  Harris. 


Meeting  held  December  14,  1922. 


Dystrophia  Myotonica. 

Dr.  W.  J.  Adie  read  a  paper  on  Dystrophia  Myotonica  (see  p.  73). 

Dr.  James  Taylor  dealt  chiefly  with  the  famihal  relations  of  these 
and  similar  diseases.  He  referred  to  the  fact  that  in  the  muscular 
dystrophies-,  Friedreich's  disease,  Leber's  optic  atrophy  and  other 
hereditary  affections,  there  were  frequently  large  families,  especially  in 
the  affected  generations ;  but  in  many  of  these  families  the  mortality 
rate  in  early  life  is  high.  This  seemed  to  him  the  reason  why  the 
diseases  tend  to  die  out.  He  also  discussed  the  relation  of  the  disease 
to  the  myopathies,  which  seemed  to  him  to  be  a  close  one.  He  had 
seen  one  case  of  pseudo-hypotrophic  myopathy  in  which  there  existed 
cataract  similar  to  those  found  in  dystrophia  myotonica. 

Mr.  Leslie  Paton  said  that  it  was  not  yet  possible  to  formulate  a 
clear  idea  of  the  nature  of  the  cataract  which  occurred  in  this  disease. 
It  seemed  to  be  a  posterior  cortical  cataract,  the  type  found  in  retinitis 
pigmentosa  and  in  other  choroidal  and  retinal  diseases.  In  a  recent 
case  he  had  found  only  a  ring  of  granular  opacities  in  the  periphery 
of  the  lens,  and  peripheral  strise  such  as  occur  in  senile  cataract. 

Sir  John  Parsons  pointed  out  that  the  term  posterior  polar  cataract 
was  not  an  exact  description;  that  it  should  be  posterior  cortical.  This 
is  the  type  of  cataract  which  is  often  associated  with,  or  results  from,  a 
general  toxaemia. 

Dr.  Walshe  referred  to  a  case  recently  under  his  care  in  which  the 
characteristic  symptoms  of  dystrophia  myotonica  were  associated  with 
other  anomalous  symptoms,  as  minor  epilepsy,  abductor  palsy  of  the 
vocal  cords,  complete  foot-drop,  though  there  was  very  little  atrophy  of 
the  muscles  of  the  legs,  and  Komberg's  sign.  Despite  the  latter  the 
sense  of  position  and  the  appreciation  of  vibration  in  the  legs  were  good. 
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Dr.  Greenfield  referred  to  the  fact  that  in  one  member  of  the 
family  under  his  care  there  was  degeneration  of  the  membrane  of 
Bruch ;  in  another  case  the  cataract  was  unilateral. 

Dr.  Harris  dealt  with  the  psychical  changes  which  are  prominent 
in  many  cases  of  this  disease,  and  pointed  out  that  similar  abnormalities 
were  found  in  other  hereditary  and  familial  affections. 

Dr.  Adie  in  reply  said  that  the  further  study  of  these  families 
brought  out  many  interesting  features.  The  affected  families  seemed 
to  sink  lower  and  lower  in  the  social  scale.  Many  dystrophic  patients 
have  had  children  who  have  been  mentally  defective,  while  others  who 
have  married  have  been  childless.  He  agreed  with  Dr.  Taylor's 
remarks  that  in  the  earlier  generations  large  families  were  common, 
but  the  infant  mortality  was  high.  He  agreed  too  that  the  term 
posterior  polar  cataract  is  inexact.  Romberg's  sign  has  been  observed 
by  others,  as  by  Curschman,  and  in  one  case  at  least  autopsy  has 
revealed  degeneration  of  the  dorsal  columns  of  the  cord. 


Meeting  held  March  8,  1923. 

The  Treatment  of  Neuro-Syphilis. 

Dr.  Farquhar  Buzzard  said  that  certain  principles  should  determine 
the  treatment  of  syphilis  of  the  nervous  system.  In  the  first  place,  that 
no  distinction  should  be  drawn  between  the  treatment  of  the  interstitial 
and  parenchymatous  forms  of  neuro-syphilis  ;  in  the  second,  we  are 
justified  in  speaking  of  the  cure  of  neuro-syphilis  only  when  the  complete 
eradication  of  the  spirochsete  or  the  continued  abeyance  of  its  activities 
is  attained  ;  finally,  since  we  can  never  assure  the  patient  that  he  is 
cured  of  the  syphilitic  infection,  it  is  our  duty  to  advise  all  patients  who 
have  been  infected  to  contmue  intermittent  treatment  for  the  rest  of 
their  lives. 

The  gradual  accumulation  of  clinical  experience  has  shown  that  a 
negative  Wassermann  reaction  is  certainly  not  evidence  of  cure,  and  the 
fact  that  it  has  been  regarded  as  such  has  made  it  an  obstacle  in  the  way 
of  efficient  treatment,  since  a  negative  reaction  gives  rise  to  delusions  of 
security  which  often  lead  to  the  suspension  of  the  periodic  courses  of 
treatment  year  after  year  which  can  alone  prevent  the  development 
of  neuro-syphilis  or  a  recurrence  of  its  symptoms.  He  is  convinced  that 
the  view  until   lately  held  that,  though  meningeal  and  vascular  lesions 
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respond  to  anti-syphilitic  measures,  no  benefit  can  be  expected  from  the 
similar  treatment  of  tabes  and  general  paralysis  is  a  mistaken  one,  since 
in  both  of  these  conditions,  and  especially  in  tabes,  early  diagnosis  and 
continuous  treatment  are  often  attended  by  satisfactory  results,  though  it 
may  not  be  possible  to  abolish  the  symptoms  of  this  disease  already 
present. 

The  relative  efficiency  of  various  methods  of  treatment  is  still  a 
matter  of  controversy.  Personally,  he  is  in  the  habit  of  using  both 
mercury  and  arsenical  compounds  and  continuing  their  administration 
periodically  regardless  of  the  results  of  serological  laboratory  tests. 
The  only  contra-indications  for  the  use  of  intravenous  injections  of 
arsenic  are  advanced  cardio-vascular  changes  and  renal  inefficiency. 

Dr.  Henry  MacCormac  entered  the  discussion  as  a  syphilologist 
rather  than  as  a  neurologist.  In  the  study  of  syphilis,  attention  may  be 
focused  on  either  the  signs  and  symptoms  and  the  effect  of  treat- 
ment on  them,  or  on  the  state  of  certain  biological  reactions  such  as  the 
Wassermann  test.  These  two  methods  are  complementary,  but  the 
latter  is  the  more  important,  since  it  is  only  when  the  biological  reactions 
become  negative  that  we  are  entitled  to  assume  that  the  cure  has  been 
effective.  In  early  syphilis  it  is  possible  not  only  to  remove  the 
symptoms  but  also  to  obtain  a  normal  Wassermann  reaction,  but  it  is 
much  more  difficult  to  influence  either  the  symptoms  or  the  reactions  in 
the  later  stages  of  the  disease.  He  spoke  of  the  disease  being  cured  in 
its  early  stage  when  the  Wassermann  reaction  was  found  to  be  persistently 
negative  after  a  prolonged  course  of  treatment.  In  the  later  stages  the 
greatest  benefit  is  obtained  by  a  short  intensive  course  of  medication,  as 
ten  intravenous  injections  of  salvarsan  followed  by  twelve  mercurial 
injections.  There  is  an  intermediate  class  of  case  in  which  the  patients 
respond  insufficiently  to  early  treatment  and  their  blood  and  cerebro- 
spinal fluid  give  positive  reactions  ;  in  these,  too,  there  is  a  possibility 
of  permanent  cure  by  prolonged  treatment. 

In  his  opinion  the  existence  of  a  neurotropic  spirochaete  is  not  yet 
established,  and  consequently  there  is  no  argument  in  favour  of  special 
forms  of  treatment  in  neuro-syphilis.  Further,  the  changes  found  in 
cerebrospinal  fluid  in  the  early  stages  of  the  disease  do  not,  in  his 
opinion,  indicate  an  actual  involvement  of  the  central  nervous  system, 
since  the  proportion  of  syphilitics  who  develop  nervous  manifestations 
is  very  much  smaller  than  the  proportion  in  whom  such  changes  are 
found  in  the  fluid.  It  may,  however,  be  that  in  its  early  stage 
syphilis  of  the  nervous  system  is  curable  by  remedies  introduced  into 
the  blood. 
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The  treatment  of  neiiro-syphilis  is  complicated  by  the  physiological 
peculiarities  of  the  cerebrospinal  fluid  and  the  difficulties  of  influencing 
it  by  intravenous  medication,  but  as  there  is  evidence  that  it  is  possible 
to  do  so  in  the  earlier  stages  of  infection,  some  beneficial  efi"ect,  at  least, 
may  be  expected  from  adequate  treatment  in  the  chronic  stages  of  the 
disease.  He  expressed  doubt  as  to  the  eflicacy  of  spinal  drainage  and  of 
intrathecal  injections. 

Dr.  Henry  Head  pomted  out  the  difficulty  in  distinguishing,  either 
by  clinical  symptoms  or  by  laboratory  methods,  certain  cases  of  cerebro- 
spinal syphilis  from  general  paralysis.  The  failure  to  recognize  this 
difficulty  had  undoubtedly  led  to  loose  statements  and  very  unreliable 
statistics,  since  one  condition  was  more  or  less  curable  and  the  other 
was  little  if  at  all  influenced  by  treatment. 

Dr.  RiDDOCH  insisted  that  laboratory  tests  and  clinical  symptoms 
should  be  used  in  conjunction  in  determining  the  form  of  treatment 
required  and  its  duration.  In  his  opinion  there  could  be  no  doubt  that 
a  positive  Wassermann  reaction  indicated  the  activity  of  syphilitic 
processes  which  consequently  demanded  urgent  treatment. 

Colonel  Harrison  emphasized  the  fact  that  a  negative  Wasser- 
mann reaction  does  not  mean  the  cure  of  syphilis.  In  his  experience 
even  general  paralysis  could  be  favourably  influenced  by  sufficiently 
intensive  anti-syphilitic  treatment.  He  believed  that  the  most  impor- 
tant step  in  the  prophylaxis  of  neuro-syphilis  was  the  examination 
of  the  cerebrospinal  fluid  some  time,  as  five  years,  after  the  original 
infection.  He  had  never  found  fluid  that  was  negative  at  this  period 
become  positive  subsequently.  He  could  not  accept  the  hypothesis 
of  the  duality  of  the  Spirochseta  pallida,  since  all  evidence  at  his 
disposal  pointed  to  the  contrary.  He  believed  too  that  Dr.  MacCormac 
was  wrong  in  suggesting  that  it  is  chiefly  on  mercury  that  reliance 
should  be  placed  in  treatment  in  the  later  stages  of  syphilis  ;  it  seemed 
to  him  more  rational  that  all  methods  at  our  disposal  should  be  adopted. 
He  had  seen  some  good  results  from  intrathecal  injections  when  the 
intravenous  method  had  apparently  produced  very  little  effect. 

Bir  James  Purves-Stewart  thought  it  a  mistake  that  any  routine 
of  sterotyped  treatment  should  be  adopted,  as  each  case  of  neuro-syphilis 
demanded  individual  attention.  It  seemed  to  him  that  no  drug  or  mode 
of  treatment  should  be  adopted  exclusively,  as  each  is  supplementary  to 
the  others.  He  referred  particularly  to  the  intracisternal  treatment  of 
general  paralysis.  It  consisted  of  the  injection  of  salvarsanized  serum 
into  the  cisterna  magna,  the  beneficial  action  being  probably  due,  not  to 
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the  infinitesmal  amount  of  salvarsan  the  injected  substance  contained, 
but  to  the  antibodies  evoked  in  the  serum  of  the  patient.  Substances 
injected  into  the  cisterna  magna  circulated  slowly,  some  passing  down 
the  spinal  canal,  but  the  greater  part  forwards  into  the  basilar  and  inter- 
peduncular cisterns,  and  thence  over  the  whole  cortex,  being  ultimately 
reabsorbed  by  the  cortical  capillaries.  He  described  the  technique  of 
the  operation  and  pointed  out  that  it  involved  very  little  risk.  He 
recorded  a  series  of  cases  in  which  under  this  form  of  treatment  more 
or  less  dramatic  improvement  had  taken  place  in  the  clinical  symptoms 
and  a  fall  in  the  number  of  cells  in  the  cerebrospinal  fluid,  though  he 
had  to  admit  that  he  had  never  seen  a  case  in  which  the  Wassermann 
reaction  had  been  made  negative  in  general  paralysis  by  this  or  any 
other  method  of  treatment. 

Dr.  Symonds  stated  that  in  his  experience  there  was  very  little  risk 
in  using  large  doses  of  arsenical  compounds  in  neuro-syphilis,  since  they 
are  on  the  whole  better  tolerated  in  these  cases  than  by  patients  suffer- 
ing from  the  primary  disease.  He  formerly  commenced  by  injections 
of  0"6  gramme  of  salvarsan  and  then  proceeded  to  09  gramme,  con- 
tinuing until  the  patient  had  taken  10  grammes  in  the  first  course. 
By  this  form  of  treatment,  however,  he  had  had  several  cases  of  jaundice 
and  exfoliative  dermatitis,  and  consequently  he  now  divided  the  course 
into  two,  with  six  weeks  interval  between  them.  He  also  agreed  that 
a  negative  Wassermann  reaction  might  be  found  in  both  the  blood  and 
cerebrospinal  fluid  in  progressive  cases  of  tabes.  He  had  at  present  a 
man  under  his  care  in  whom  the  symptoms  are  increasing  though  the 
reaction  is  negative  in  both  the  blood  and  cerebrospinal  fluid,  but  his 
wife's  blood  gives  a  strongly  positive  reaction. 

Dr.  Feiling  spoke  of  the  frequency  of  a  negative  Wassermann 
reaction  in  the  blood  and  normal  cerebrospinal  fluid  in  cases  of  un- 
doubted syphilis  of  the  central  nervous  system.  He  referred  to  one  case 
of  syphilitic  meningo-myelitis  in  which  the  Wassermann  reaction  was 
positive  eight  years  ago  but  had  become  negative  under  treatment 
although  the  symptoms  had  progressed  steadily. 

Dr.  Harris  insisted  that  it  was  on  the  clinical  rather  than  by 
biological  or  chemical  reactions  that  all  cases  of  syphilis  of  the  nervous 
system  should  be  treated.  In  his  experience  the  original  salvarsan  or 
its  substitute  kharsivan  is  much  more  efficient  than  either  novarseno- 
billon  or  galyl.  He  referred  to  some  cases  in  which  salvarsan  had  pro- 
duced much  improvement  after  these  other  remedies  had  been  tried 
without  success.     He  had  had  a  considerable  amount  of  experience  in 
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intrathecal  therapy.  He  always  waited  a  fortnight  after  an  intra- 
venous injection  of  salvarsan  before  withdrawing  a  patient's  blood. 
This  method  had  been  particularly  useful  in  tabes;  though  the  injections 
generally  produced  intense  pain  for  a  few  hours,  the  tabetic  pains 
frequently  disappeared  for  a  time  after  each  injection.  He  had  seen  no 
good  result  from  intrathecal  use  of  salvarsan  in  general  paralysis. 

Dr.  Buzzard  in  reply  said  that  he  could  not  agree  with  Dr. 
MacCormac's  observations,  which  seemed  to  be  mainly  based  en  the 
Wassermann  reaction. 

In  his  introductory  remarks  he  had  not  laid  down  any  special 
routine  treatment,  since  each  patient  suffering  with  syphilis  of  the 
nervous  system  required  individual  attention  and  continuous  treatment, 
no  matter  what  clinical  form  the  disease  assumed.  He  had  not  been 
convinced  that  the  cisternal  injections  employed  by  Sir  James  Purves- 
Stewart  were  of  any  advantage,  and  the  cases  he  cited  did  not  show 
that  it  was  more  successful  than  intramuscular  or  intravenous 
injections. 

Dr.  MacCormac  said  that  dermatitis  or  jaundice  as  a  sequel  to 
arsenical  injections  should  be  very  rare,  provided  that  this  remedy  was 
properly  and  intelligently  employed. 


Notices    of    Eecent    Publications. 

Lehrbuch  der  N ervenkrankheiten.  Von  H.  Oppenheim.  7te  wesentlich 
vermehrte  und  verbesserte  Auflage.  Erster  Band.  S.  923,  mit 
323  Abbildangen  im  Text  und  11  Tafeln.  Berlin  :  S.  Karger. 
1923.     Price  27  Marks. 

Oppenheim's  textbook  has  for  so  many  years  enjoyed  an  assured  inter- 
national position  that  the  simple  notice  of  a  new  edition  would  suffice,  were  it 
not  that  his  death  has  thrown  the  duty  of  its  preparation  into  other  hands, 
The  responsibility  has  fallen  mainly  on  the  late  author's  assistant,  Cassirer, 
but  he  has  happily  invoked  the  help  of  Goldstein,  Nonne  and  Pfeifer,  each  of 
whom  has  undertaken  the  revision  of  the  subjects  with  which  he  can  deal 
with  authority. 

The  aim  of  the  editors  has  been  to  alter  as  little  as  possible,  and  the  chief 
changes  we  find  are,  therefore,  additions  made  necessary  by  knowledge  acquired 
during  the  past  ten  years,  and  especially  by  experiences  arising  from  the  late 
war. 

The  first  volume  (which  is  alone  under  notice  here)  has  been,  as  compared 
with  that  of  the  fifth  edition,  increased  by  230  pages,  and  contains  70  addi- 
tional illustrations.  A  large  part  of  this  increase  is  due  to  a  fuller  description 
of  the  lesions  of  the  peripheral  nerves,  and  to  a  more  complete  discussion  of 
the  morbid  anatomy  and  pathology  of  the  diseases  of  the  spinal  cord. 

The  bibliographic  references,  which  aru  still  given  in  footnotes,  have  been 
kept  up  to  date,  and  consequently  make  this  edition  even  more  useful  for  the 
purpose  of  reference.  There  can  be  no  doubt  that,  under  its  new  editors, 
Oppenheim's  volumes  will  remain  the  most  complete  and  reliable  textbook  on 
the  subjects  with  which  they  deal. 


Dementia  Praecox,  intermedidre psycliische  Schicht  und  KhinJiirn-Basal- 
ganglien-Stirnhirnsijsteme.  Von  Dr.  Max  Loewy.  Abhandlungen 
aus  der  Neurologie,  Psychiatric  und  ihren  Grenzgebieten.  Heft  20. 
Berlin  :   S.  Karger.     1923. 

In  this  work  an  attempt  is  made  to  explain  the  manifestations  of  dementia 
praecox  on  an  anatomical  basis. 

It  is  assumed  that  there  exists  in  man  an  intermediate  psychic  layer  which 
corresponds  with  the  cerebellar-basal  ganglia-frontal  lobe  system  described  by 
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Kleist.  The  various  centres  of  this  system  may  he  disturhed  separately  or  in 
various  combinations,  both  by  organic  lesions  and  in  dementia  preecox. 

Organic  lesions  of  the  cerebelhim-hasal  ganglia-frontal  lohe  system  give  rise 
to  symptoms  resembling  those  of  dementia  pnecox,  and,  tlierefore,  reasoning  by 
analogy",  it  is  assumed  that  tliis  mental  disease  depends  on  some  disturbance  of 
this  system. 

The  dominating  characteristic  of  dementia  prtpcox  is  described  as  disturbance 
of  movement,  e.g.,  difficulty  in  general  movements  and  in  movements  of 
expression,  compulsion  movements,  and  psycho-motor  reactions.  Lesions  of 
these  parts  have  not  been  demonstrated  in  dementia  prsecox,  and  though 
demonstration  might  not  be  easy  even  if  they  existed,  some  reserve  is  necessary 
before  attributing  by  analogy  the  psycho-motor  alterations  in  dementia  praecox 
to  local  changes  in  the  basal  ganglia.  The  multiformity  of  the  symptoms  in 
the  disease  is  another  difficulty,  which  is  overcome  by  assuming  that  lesions 
in  the  various  parts  of  the  system  may  explain  the  differing  syndromes,  and  the 
extent,  course,  direction,  spread,  severity  and  chronicity  of  the  disease. 

The  similarity  between  some  cases  of  dementia  praecox  and  manic-depressive 
psychosis  on  the  one  hand,  and  hysteria  on  the  other,  is  referred  to  ;  it  is 
assumed  that  dementia  praecox  is  due  to  disturbance  of  the  system  as  a  whole, 
while  in  the  manic-depressive  group  the  affective  systems  of  the  thalamus  are 
affected,  and  in  hysteria  perhaps  some  parts  of  the  basal  ganglia. 

There  are  many  references  to  the  work  of  Kleist,  but  little  evidence  of  the 
existence  of  such  an  intermediate  psychic  layer  is  produced  in  this  monograph, 
and  no  reason  is  offered  for  excluding  the  participation  of  the  other  parts  of 
tlie  nervous  system  in  the  i)athology  of  dementia  praecox.  The  possibility,  for 
instance,  of  different  compulsion  movements  of  expression  being  due  to  psychic 
causes  is  not  considei'ed.  The  hope  is  expressed  that  further  investigations 
will  allow  of  more  complete  differentiation  of  types  of  mental  illness  in  dementia 
praecox,  but  there  is  nothing  to  show  how  mere  symptomatology  and  differentia- 
tion into  types  will  lead  to  a  better  understanding  of  the  disease. 

Diseases  of  the  Nervous  System :  A  Textbook  of  Neurology  and 
Psychiatry.  By  Smith  Ely  Jelliffe  and  William  A.  White. 
Fourth  Edition,  revised,  re-written  and  enlarged.  Pp.  1120,  with 
475  Illustrations  and  23  Plates.  Philadelphia  and  New  York : 
Lea  and  Febiger.     1923.     Price  9.50  dollars. 

The  value  of  such  a  book  as  this  must  be  measured  by  the  purpose  for 
which  it  is  intended  or  the  use  to  which  it  is  put.  Its  sub-title,  "  A  Text-book 
of  Neurology  and  Psychiatry,"  suggests  that  it  is  written  for  the  ordinary 
student  or  general  physician  who  wishes  to  acquire  a  knowledge  of  nervous 
diseases  or  elucidate  some  point  of  immediate  difficulty,  though  the  remarks 
by  which  it  is  introduced  indicate  that  in  it  the  authors  hope  to  provide  a 
handbook  for  the  serious  student  of  neurology.  If  the  latter  is  its  intended 
scope,  the  authors  are  certainly  justified  in  using  it  as  a  vehicle  for  a  "  message 
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to  deliver  "  and  in  writing  it  around  "  some  pervasive  idea,  some  ideal,"  in 
other  words,  in  presenting  in  it  any  views  or  hypotheses  which  they  consider 
may  explain  the  working  of  the  nervous  system  and  the  morhid  phenomena  of 
its  diseases. 

If,  on  the  other. hand,  the  hook  is  meant  to  be  a  guide  to  the  student  whose 
knowledge  is  rudimentary,  and  whose  critical  faculties  have  not  been  developed 
by  practical  experience  with  disease,  hypotheses,  which  are  merely  guesses  at 
truth  and  unsupported  by  facts  and  tangible  argimients,  should  not  occupy  the 
prominent  place  they  do  in  this  volume.  There  seems,  for  instance,  little- 
justitication  for  the  attempt  to  explain  so  much  as  the  authors  do  by  primary 
lesions  of  the  autonomic  nervous  system  and  disturbances  of  the  endocrine 
glands  ;  no  serious  argument  exists  in  favour  of  the  assumption  that  the  lesions 
of  disseminated  sclerosis  may  be  due  to  the  vegetative  control  metabolism  of 
the  spinal  cord  being  at  fault,  or  that  myasthenia  gravis  is  the  result  of  a 
disturbance  in  the  muscle  vegetative  mechanisms,  or  that  a  faulty  emotional 
control  plays  a  part  in  the  pathogenesis  of  diabetes,  or  that  gastric  and  duodenal 
ulcers  result  from  increased  adrenalin  activities  excited  by  the  emotions  of  fear 
and  hate.  Such  statements,  unsupported  by  reliable  clinical  or  experimental 
evidence,  not  only  make  many  paragraphs  of  the  book  ridiculous,  but  are  liable 
to  mislead  the  student  and  do  serious  harm  to  the  scientific  study  of  medicine- 
In  other  places,  as  in  the  discussion  on  the  mode  of  working  of  the  sympathetic 
system,  all  pliysiological  evidence  is  thrown  overboard  and  is  replaced  by 
"  ideas  "  which  are  more  easily  assimilated  with  the  authors'  creeds. 

It  is  regrettable  that  these  features  diminish  so  seriously  the  value  of  a  book 
that  would  be  otherwise  useful  and  fill  a  distinct  gap.  The  descriptions  and 
discussions  of  most  diseases  are  clear,  concise,  and  written  with  a  thorough 
knowledge  of  the  subjects.  Diagnosis  and  treatment  receive  as  a  rule  adequate 
attention,  and  the  sections  on  pathology  and  morbid  anatomy  are  usually  suffi- 
cient for  a  volume  of  its  size.  Here  and  there  there  are  lapses  and  inequali- 
ties ;  the  chapter  on  aphasia,  for  example,  is  unsatisfactory  and  incomplete. 

The  section  on  psychiatry  is  perhaps  the  best  part  of  the  book.  The 
attitude  of  the  authors  to  the  histological  lesions  recently  discovered  in 
dementia  praecox  is  interesting  and  on  the  whole  commendable. 

This  edition  has  been  largely  re- written  and  carefully  revised,  and  it  conse- 
quently exceeds  its  predecessors  in  size.  The  illustrations,  for  the  most  part 
taken  from  other  books  and  monographs,  have  been  carefully  chosen,  and  are 
one  of  the  best  features  of  the  volume. 


Problems  in  Dynamic  Psychology.  A  Critique  of  Psycho-analysis  and 
suggested  Formulations.  By  John  T.  INEacCurdy.  Pp.  377. 
Cambridge  University  Press.     1923.         Price  12s.    6d. 

The  first  half  or  more  of  this  book  is  devoted  chiefly  to  a  destructive 
criticism  of  what  the  author  regards  as  the  inaccuracies  and  inconsistencies  of 
Freud's  doctrines.     If  makes  dreary,  barren  reading.     We  follow  the  author 
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througli  the  maze  of  Freudian  verbiage  to  come  out,  for  the  most  part,  nowhere. 
Doubtless  there  is  much  truth  hidden  in  the  Freudian  hypotheses,  and  a 
constructive  account  from  the  present  author  of  what  there  is  of  value  in  them 
to  psychology  would  have  been  welcome. 

Tlie  second  half  of  the  book  is  more  interesting  and  readable.  In  it  the 
author  deals  witli  the  instincts  as  factors  in  dynamic  psychology.  He  begins 
with  a  chapter  on  the  late  Dr.  Eivers'  book  on  "  Instinct  and  the  Unconscious," 
which  he  criticizes  adversely.  From  this  he  proceeds  to  the  development  of  a 
pragmatic  conception  and  classification  of  instincts,  and  discusses  in  detail  the 
value  of  the  ego  instincts,  the  sex  and  the  herd  instincts,  and  the  importance 
of  the  co-operation  and  conflicts  of  the  instincts.  This  constructive  part  of 
the  book  does  much  to  redeem  the  unsatisfactory,  disjointed  impression  left  by 
tlie  earlier  chapters. 

UEncephalite  epidemique,   Etude  clinique.     By  Louis  Keys.     Paris  : 
Maloine  et  Fils.     1922.     Price,  8.50  francs. 

The  study  of  encephalitis  lethargica  has  recently  l)een  stimulated  by  the 
appearance  of  a  variety  of  sequela?,  and  a  contribution  to  such  a  study  from 
the  hands  of  a  clinician  warrants  attention. 

After  mentioning  the  symptoms  and  signs  at  the  onset,  the  author  pusses 
to  a  detailed  description  of  the  various  types  of  the  disease  to  be  seen  in  the 
early  stages.  Having  devoted  many  pages  to  the  disorders  of  the  ocular 
apparatus,  he  then  lays  great  stress  on  a  labyrinthine  type,  in  which  giddiness. 
vomiting,  staggering  gait  and  inco-ordination  are  prominent  features  ;  lie 
describes  several  cases  and  claims  originality  for  the  recognition  of  this 
labyrinthine  type.  Reference  .  is  then  made  to  the  myoclonic  and  choreic 
types.  In  a  contribution  to  the  Parkinsonian  syndrome  he  alludes  to  a  case 
of  this  kind  which  rapidly  developed  myositis  ossificans  in  the  rigid  muscles. 
An  analysis  of  the  effects  of  the  disease  on  the  sympathetic  system  and  on 
the  viscera  and  endocrine  glands  follows,  with  a  suggestion  that  asthenic  cases 
may  result  fi'om  affection  in  the  suprarenals.  The  psychological  aspect  of  the 
disease  is  briefly  dismissed  with  a  reference  to  the  works  of  Truelle  and 
G.  Petit. 

Following  upon  a  few  pages  dealing  with  methods  of  ti'eatment  and  their 
relative  value,  the  author  i)roceeds  to  attempt  to  correlate  tlie  clinical  findings 
with  the  anatomy  of  the  central  nervous  system,  basing  his  views  on  a 
theoretical,  at  times  almost  hypothetical,  foundation. 

In  discussing  the  late  sequelae  most  prominence  is  given  to  the 
Parkinsonian  syndrome  which  is,  in  his  experience,  the  most  frequent  type. 
He  I'ecoi'ds  one  case  which  first  developed  signs  three  years  after  the  acute 
attack. 

Fault  may  be  found  with  this  volume,  in  that  too  great  an  attempt  at 
classification  into  types  is  made,  with  the  result  that  undue  prominence  is 
given  to  certain  of  the  rarer  manifestations  of  this  disease. 


[July,  1923. 
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ON  HEPATO-LENTICULAE  DEGENEEATION,  WITH  THE 
ACCOUNT  OF  A  CASE  AND  THE  PATHOLOGICAL 
FINDINGS. 

BY  GEOFFREY  HADFIELD,  M.D.LOND. 
Pathologist  to  the  General  Hospital,  Bristol,  and  to  the  Bristol  Mental  Hospital. 

Introduction. 

The  Danish  neurologist,  Hall,  in  a  recent  comprehensive  mono- 
graph [1],  has  collected  from  the  world's  literature  twenty-three  cases, 
with  autopsy  reports,  in  which  a  specific  organic  disease  of  the  central 
nervous  system  has  existed  together  with  a  profound  hepatic  cirrhosis 
and  has  included  a  detailed  study  of  forty-five  other  cases,  in  which, 
from  analogy  with  the  cases  proved  by  autopsy,  this  extraordinary 
combination  was  also,  in  all  probability,  present.  Previous  to  the 
publication  of  this  monograph,  cases  presenting  this  rare,  double-sided 
pathological  picture  have  been  diagnosed  either  as  progressive  lenti- 
cular degeneration  (first  recognized  and  described  by  S.  A.  K.  Wilson), 
as  pseudo-sclerosis  (described  clinically  by  Westphal  and  Striimpell,  and 
pathologically  by  Altzheimer),  or  as  torsion  spasm  (first  described  by 
Thomalla).  Clinically,  all  these  diseases  are  characterized  by  varying 
degrees  of  diffuse  muscular  rigidity,  together  with  involuntary  move- 
ments. They  develop  no  paralysis  nor  sensory  changes.  They  show  a 
strong  tendency  to  be  familial  and  hereditary.  Pathologically  they 
reveal  an  intense  hepatic  cirrhosis,  which  in  the  very  large  majority  of 
cases  gives  rise  to  no  symptoms  during  life,  and  a  varying  degree  of 
destruction  of  one  or  all  of  the  components  of  the  corpus  striatum, 
together  with  diffuse  degenerative  changes  of  a  much  less  severe  type 
in  many  parts  of  the  brain. 

One  of  Hall's  main  theses  in  his  monograph  is  that,  in  spite  of  the 
fact  that  there  are  many  secondary  points  of  difference  in  the  clinical 
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and  pathological  aspects  of  these  three  conditions,  we  are  justified  from 
their  obvious  general  similarity  in  grouping  them  together  under  one 
term.  One  cannot  disagree  with  this  conclusion,  which  is  amply  jus- 
tified by  the  rare  combination  common  to  all  three  diseases;  and  the 
grouping  together  of  these  three  diseases  is,  moreover,  a  necessary  step 
to  take  in  the  fuller  elucidation  of  their  unknown  pathological  cause, 
for  many  cases  fit  but  awkwardly  into  any  one  of  the  three  groups,  and 
are,  when  critically  examined,  obviously  transition  types. 

The  case  about  to  be  described  illustrates  these  points  clearly.  It 
will  be  seen  that  we  are  not  justified  in  describing  it  as  a  clearly-cut 
example  of  Wilson's  disease,  or  of  pseudo-sclerosis,  and  it  bore  little 
clinical  resemblance  to  torsion  spasm.  I  have,  therefore,  described  it 
under  Hall's  title  of  "  hepato-lenticular  degeneration,"  believing 
with  Hall  that  the  differences,  from  all  points  of  view,  between  pro- 
gressive lenticular  degeneration  of  Wilson  and  pseudo-sclerosis  of 
Westphal,  Striimpell,  and  Altzheimer,  are  quantitative  only. 

A  sign  which  appears  in  many  of  these  cases  is  corneal  pigmenta- 
tion. From  the  published  descriptions  this  is  striking  enough  when 
specially  looked  for ;  it  is  due  to  the  presence  of  brownish-black 
particles  deposited  in  the  membrane  of  Descemet,  forming  a  pigmented 
ring  about  2  mm.  wide,  and  often  only  seen  clearly  by  oblique  illumina- 
tion. There  seems  little  doubt  that  it  is  found  very  frequently  if 
carefully  searched  for.  The  case  to  be  described,  which  was  under 
observation  for  a  week  only,  was  not  examined  for  this  sign,  but  as  we 
were  unaware  at  the  time  of  the  delicacy  of  the  pigment  ring,  no  im- 
portance can  be  attached  to  this  negative  finding. 

Case  Report. 

I.  U.,  a  schoolgirl,  aged  12h,  was  admitted  to  the  General  Hospital^ 
Bristol,  under  the  care  of  Dr.  J.  O.  Symes,  on  March  11,  1922,  and  died  on 
March  20,  1922. 

History. — The  child  was  normal  in  every  respect  until  the  age  of  8.  About 
this  time  she  had  a  succession  of  illnesses — measles,  diphtheria,  and  scarlet 
fever,  and  the  parents  state  that  she  afterwards  became  delicate  and  needed  a 
great  deal  of  care.  At  the  age  of  8  she  could  read  and  write  as  well  as  other 
children  of  her  age,  and  she  had  learnt  to  knit  well.  After  she  had  recovered 
from  these  illnesses,  the  parents  kept  her  from  school  for  some  time  (about  six 
months),  and  they  noticed  then  that  she  was  "rather  babyish."  They 
attributed  this  to  the  long  stay  at  home.  On  returning  to  school  she  pro- 
gressed very  slowly.  The  teachers  on  several  occasions  told  the  mother  that 
they  "  couldn't  make  her  out,"  and  at  the  age  of  10  the  mother  found  that  she 
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was  "no  good  at  anything  she  had  to  do  ^Yith  her  hands"  ;  for  example,  she 
had   now   to   help   her  to  dress,  her  writing  deteriorated,  and  she  could  not 
knit  as  well  as  she  could  at  the  age  of  8  years.     The  mother  still  attributing 
this  to  the  child's  long  absence  from  school,  says  she  "  needed  a  lot  of  spoiling," 
and  she  found  that  other   children   were  "  making  fun  of  her."     From  this 
time  onwards  the  mother  appears  to  have  shielded  and  petted  her  in  every 
way.     She  was  an  only  child  and  was  very  sensitive  of  her  inability  to  pro- 
gress at  school  and  of  the  awkwardness  of  her  hands.     The  mother  accom- 
panied her  everywhere ;  she  ceased  to  play  much  with  other  children.     Careful 
questioning  regarding  her  general  condition  at  this  time  elicited  the  facts  that 
in  spite  of  her  slow  progress  at  school  the  child  was  mentally  alert,  affectionate 
and  trustworthy  ;  she  took  her  food  well  and  slept  well.     This  was  her  general 
state  until   a  year  before  her  death.     At  this  time  the  mother  noticed  that 
often  during  the  course  of  a  day  she  had  difficulty  in  understanding  what  the 
child  said  to  her.     She  describes  her  speech  as  being  "  thick."     At  the  same 
time  she  seemed  to   become  "much    more    delicate"   again.        Her    appetite 
became  capricious,  she  was  distressed  about  her  school  work  and  clung  more 
to  her  mother.     Very  soon  after  this  it  was  noticed  that  she  had  difficulty  in 
holding  things  in  her  hands.     Writing  and  knitting  became  impossible  because 
of  the  "  awkwardness"  of  her  hands  and  she  had  difficulty  in  feeding  herself. 
The  first  occasion  in  which  this  latter  symptom  was  noticed  was  when  late 
for  school  one  morning  she  was  attempting  to  eat  her  breakfast.     The  mother 
then  noticed  her  hands  shaking.     She  thought  the  child  was  nervous.     The 
disability  steadily  increased.       One    doctor    told   the   mother  that  the  thick 
speech  was  due  to  adenoids,  another,  that  the  movements  of  the  hands  were 
due  to   chorea,   and  a  third,  that   the  child  was   "being   spoiled"   and  was 
"  getting  too  much  sympathy."     In  spite  of  this,  and  realizing  that  the  speecli 
defect   and   awkwardness  of  the  hands  were  progressing,  and  the  child   was 
always  ailing  in  some  respect,  the  mother  decided  to  keep  her  at  home.     At 
this  time  she  was  in  the  third  standard  at  school.     She  never  again  attended 
school.     About  May,   1921,  the  mother  noticed  that  when  out  walking    the 
child  had  developed  a  stoop.     She  scolded  her  for  it,  but  says   that    "  she 
stooped  more  and  more  and  always  held  her  hands  up  to  her  face."     About 
this  time  the  involuntary  movements  of  the  hands  became  very  obvious,  and  the 
child  developed  a  habit  of  holding  her  mouth  slightly  open,  with  the  upper 
teeth  "sticking  out."     About  the  time  this  change  in  facial  expression  was 
noticed  the  mother  found  that  the  child  was  always   salivating.     Her  recol- 
lection of  this  is  very  vivid,  as  tlie  child  made  her  clothes  so  wet.     The  move- 
ments of  the  hands,  the  stoop,  the  altered  facial  expression,  and  the  position 
in  which  the  hands  were  held,  made  her  extremely  self-conscious  if   out  of 
the  house,  and  the  motlier  says  they  came  to  an  agreement  that  the  child 
should  walk  behind  her  when  they  were  in  the  streets.     The  child's  disposition 
now  began  to  change,  she  became  irritable  and  restless,  and  had  attacks  of 
loud  screaming.     She  developed  a  very  marked  "  unsteadiness  in  her  legs." 
During  November,  1921,  she  had  three  attacks  of  copious  epistaxis  at  intervals 
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of  a  few  days.  All  the  symptoms  noted  above,  except  the  epistaxis,  which 
never  occiiiTed  again,  now  became  very  obvious,  and  in  December,  1921,  she 
was  kejit  in  lied,  chiefly  because  of  the  unsteadiness  in  walking.  Here  the 
greatest  difficulty  seemed  to  be  in  feeding  herself :  it  was  difticult  for  her  to 
pick  the  food  from  the  plate,  she  always  spilled  some  on  the  floor  in  the 
attemjit,  and  in  conveying  it  to  her  mouth  she  lost  most  of  it  over  her  clothes. 
She  was  so  self-conscious  of  her  disability  that  she  preferred  to  eat  alone,  and 
lier  mother  states  that  "  the  cat  had  most  of  her  food." 

'  Most  of  her  symptoms  at  this  time  were  liable  to  intermissions.  For  a 
few  hours  at  a  time  the  movements  of  tlie  hands  seemed  to  be  under  control, 
and  her  speech  would  be  fairly  intelligible.  When  out  of  bed,  the  stoop  was 
now  extreme,  and  her  head  used  to  "  shake  in  all  directions."  She  was  often 
noticed  to  make  grimaces,  twisting  lier  face  up,  screwing  up  her  eyes,  and  her 
mouth  was  often  "  drawn  up."  The  mother  describes  a  symptom,  noticed  first 
about  February,  1922,  which  was  also  observed  during  her  short  stay  in 
hospital ;  when  out  of  bed  she  would  often  "  dance  about  in  the  room  all 
huddled  up."  From  the  description  it  appeared  that  in  an  attitude  of  extreme 
flexion  she  would  dance  in  circles,  lifting  her  feet  high  from  the  ground  and 
"  working  herself  up,"  would  get  very  excited  and  often  fall.  During  February 
the  mother  found  her  in  the  bedroom  lying  on  the  floor.  She  could  not  explain 
how  she  got  there,  and  appeared  to  be  "  dazed."  Following  this  she  was  never 
left  alone,  and  on  three  occasions  the  mother  says  slie  had  "  convulsions,"  and 
on  many  occasions  "choking  attacks."  The  "  convulsions  "  lasted  about  two 
minutes.  Her  arms  were  involved  in  violent  tremors,  her  head  was  bent  stiffly 
backwards,  her  eyes  rolled  from  side  to  side,  and  her  face  "  worked  dread- 
fully." During  these  attacks  her  mouth  was  widely  open,  and  she  made  a 
choking  noise  in  her  throat.  On  recovering  she  seemed  to  be  oblivious  of  what 
had  happened  to  her.  The  "  choking  attacks  "  seemed  to  be  of  the  same 
nature,  always  accompanied  by  a  marked  increase  in  the  tremor,  which  became 
almost  violent,  and  by  facial  spasms.  At  the  end  of  February,  1922,  she  had 
a  "  seizure  "  which  lasted  one  and  half  hours  ;  this  seems  to  have  been  a  pro- 
longed attack  of  what  the  mother  previously  described  as  "  convulsions." 
Her  mother  at  this  time  described  her  as  needing  constant  attention.  She 
could  do  nothing  for  herself,  and  had  long  attacks  of  screaming. 

Family  history. — The  patient  was  the  only  surviving  child.  A  sister  died 
in  1911  at  the  age  of  6  years  9  months,  after  an  illness  of  four  months.  The 
family  doctor  states  that  this  child  had  ascites,  an  enlarged  liver  and  heart 
disease.  The  mother  is  only  clear  on  two  points — that  much  fluid  was 
removed  from  the  abdomen,  and  that  the  child's  face  and  extremities  were  very 
blue.  She  does  not  appear  to  have  suffered  from  any  speech  defect,  from 
difficulty  in  walking,  or  involuntary  movements.  Her  death  was  certified  as 
due  to  tubercular  peritonitis.  No  post-mortem  examination  was  performed. 
The  maternal  grandmother  is  still  alive,  the  maternal  grandfather  was  killed 
in  an  accident.  The  mother  herself  is  one  of  eight  healthy  cliildren.  On  the 
father's  side,  there  is  no  history  of  anything  suggesting  that  any  similar  case 
has  occured  in  his  family. 
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Condition  on  admission. — On  admission  the  patient  was  found  to  be  well- 
nourished,  and  understood  all  that  was  said  to  her.  When  undisturbed  she 
lay  quietly  in  bed,  generally  in  an  attitude  of  semi-flexion,  occasionally  with 
the  lower  liml)s  extended,  and  generally  showing  no  involuntary  movements. 
Her  face  was  flushed,  and  described  as  being  often  "  twisted  into  a  vacant 
grin."  As  soon  as  she  was  approached  and  spoken  to,  all  her  limbs  immedi- 
ately became  forcibly  flexed  and  adductcd.  ("  She  shut  up  like  a  knife.") 
Both  thighs  would  flex  on  the  abdomen,  and  the  legs  at  tlie  knees.  The 
elbovYs  were  acutely  flexed  and  the  arms  adducted,  the  fingers  being  firmly 
clenched  into  the  palms.  The  lim])s  were  rigidly  held  in  this  position,  the 
elbows  resting  on  the  knees;  and  when  thus  rigid,  the  hands  and  arms  and  the 
feet  and  legs  were  involved  in  a  coarse  rhythmical  tremor  of  about  four  oscil- 
lations per  second.  The  tremor  was  occasionally  absent  in  the  rigid  legs,  but 
always  present  in  the  arms  when  they  were  rigid.  This  attitude  would  be 
maintained  for  some  minutes.  It  was  difficult  to  straighten  the  rigid  limbs 
and  fingers,  but  after  a  time  the  tremor  would  partially  cease,  and  the  limbs 
could  be  brought  to  a  position  of  semi-extension.  Whilst  being  examined, 
neither  rigidity  nor  tremor  was  entirely  absent. 

When  told  to  move  her  limbs  she  always  attempted  the  movement,  but  was 
generally  frustrated  by  increased  rigidity  and  coarse  clonic  movements  of  the 
limbs  she  was  attempting  to  use.  Simple  observation,  and  especially  any 
emotion,  invariably  accentuated  the  rigidity  and  tremor. 

She  had  a  very  marked  speech  defect,  which  in  common  with  her  other 
symptoms  w^as  liable  to  intermissions,  when  it  showed  definite  improvement, 
improving  as  the  general  muscular  rigidity  lessened.  When  she  was  excited 
or  under  examination  her  speech  was  limited  to  "  yes  "  or  "  no  "  and  sliort 
monosyllables,  and  her  attempts  to  construct  sentences  resulted  in  the  rapid 
articulation  in  short  bursts  of  unintelligible  sounds,  with  a  decided  nasal  tone. 
Generally,  if  not  harassed,  she  could  frame  short  sentences  of  short  words,  but 
the  same  nasal  tone  was  present ;  the  words  seemed  to  be  forcibly  projected 
one  by  one  in  rapid  succession  against  resistance.  Attempts  at  speech,  especi- 
ally if  unsuccessful,  increased  the  facial  spasm,  and  her  inal)ility  to  converse 
caused  her  great  distress. 

Although  regarded  as  excitaljle  and  on  one  occasion  as  hysterical,  she  was 
not  very  lachrymose.  She  cried,  however,  if  forced  against  her  will  to  per- 
form any  co-ordinated  muscular  movements  other  than  walking.  She 
attempted  to  obey  simple  commands,  but  generally  failed  if  they  involved  any 
co-ordinated  muscular  action.  The  command  "Turn  your  eyes  to  the  right" 
was  obeyed  by  a  momentary  flicker  only  of  both  eyes  in  the  required  direction. 
When  told  to  move  her  rigid  limbs,  she  generally  attempted  the  movement 
slowly  and  laboriously,  but  never  completed  it,  and  showed  distress  and 
confusion  at  her  inability  to  do  so. 

On  admission  her  pulse  rate  was  13G,  and  temperature  101'  F.  The 
temperature  fell  and  oscillated  between  98""  F.  and  99^  F.  during  the  nine 
days  she  was  in  hospital,  but  the  frequency  of  the  pulse  (100  to  120)  was 
maintained  until  her  death. 
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No  abnormality  was  founil  in  the  organs  of  the  thorax.  The  liver  dullness 
extended  from  tlie  sixth  rib  to  i  in.  above  the  costal  margin  in  the  mid- 
clavicular line.  Neither  abdominal  tenderness  noi-  free  fluid  was  found,  and 
no  abdominal  viscus  was  felt. 

On  the  day  of  admission  tlie  urine  contained  a  trace  of  albumen  (0'025 
per  cent.).  It  was  otherwise  normal,  and  albuminuria  was  never  detected 
again. 

Nervous  system. — In  addition  to  the  emotionalism,  the  memory  was  con- 
sidered to  be  slightly  impaired.  There  was  no  suggestion  of  drowsiness, 
delirium,  hallucinations  nor  delusions,  but  at  times  she  was  said  to  be  "  slightly 
imbecilic."     This  was,  certainly,  largely  due  to  her  dysarthria. 

Involuntary  movements  were  present,  as  described  above.  They  were 
generally  most  marked  in  the  right  lower  limb. 

There  was  no  apparent  loss  of  visual  acuity,  the  corneal  were  normal,  but 
the  fine  pigmentation,  only  clearly  visible  by  oblique  illumination,  recently 
described  in  this  disease  was  not  looked  for.  The  pupils  were  equal  and  round, 
and  their  reactions  normal.  All  external  ocular  movements  were  possible,  but 
there  was  a  definite  inability  to  retain  the  eyes  in  any  fixed  position  of  con- 
jugate deviation.  There  was  no  nystagmus.  There  was  no  loss  of  sensation 
in  the  skin  of  the  head  and  neck.  The  movements  of  the  facial  muscles  were 
equal.  Auditory  acuity  was  normal.  She  had  some  difficulty  in  swallowing 
solids,  none  in  swallowing  fluids.  All  movements  of  the  sterno-mastoid, 
trapezius  and  lingual  muscles  w^ere  possible,  but  uncontrolled  and  jerky,  and 
as  in  the  limbs  contraction  was  followed  by  some  rigidity. 

Sensory  functions.^There  was  no  com])laint  of  pain,  headache,  vertigo  nor 
tingling,  and  no  impairment  of  sensation  found. 

Motor  fioictions. — There  was  no  paralysis  or  paresis,  but  a  striking 
inability  to  perform  any  co-ordinated  muscular  act.  She  was  occasionally 
observed  to  show  no  abnormality  when  lying  in  bed,  but  if  she  sat  up  or 
attempted  to  stand,  her  whole  musculature  stiffened  and  her  limbs  became 
involved  in  tremor.  This  happened  also  almost  immediately  she  was  con- 
scious of  being  observed,  and  could  never  be  entirely  abolished  whilst  under 
examination.  Her  movements  of  general  flexion  ("  shutting  up  like  a  knife  ") 
on  being  approached  and  during  examination  are  described  above.  It  was 
repeatedly  observed  that  the  diffuse  muscular  rigidity  and  tremor  could  be 
greatly  lessened,  apparently  at  will,  but  they  could  never  be  abolished  while 
the  child  was  sitting  or  standing.  The  intensity  of  both  these  symptoms  was 
liable  to  very  marked  intermissions,  and  a  definite  improvement  was  noticed 
even  during  her  tragically  short  stay  of  ten  days  in  hospital. 

Her  attempts  at  walking  varied  greatly.  When  first  admitted,  attempts  at 
walking  under  observation  resulted  in  nothing  more  than  a  series  of  grotesque, 
purposeless  movements.  If  raised  from  the  attitude  of  flexion,  which  during 
her  first  few  days  in  hospital  she  generally  adopted  when  being  examined,  she 
seemed  unable  to  get  her  feet  on  the  floor,  and  had  to  be  half  carried  and  half 
supported  before  she  could  place  them  on  the  ground.     Her  muscular  rigidity 
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at  this  stage  was  intense,  and  her  wliole  musculature  involved  in  tremor.  In 
an  attitude  of  flexion,  she  attempted  to  walk  by  first  holding  to  the  nearest 
support,  and  then,  after  considerable  hesitation,  she  would  rapidly  and  forcibly 
raise  one  foot  high  from  the  ground  and  just  as  rapidly  bring  it  down  again. 
This  movement  was  quickly  followed  by  a  similar  movement  of  the  other  foot. 
The  feet  were  raised  apparently  by  a  single  explosive  contraction  of  the  thigh 
muscles,  and  the  rigid  lower  limb  was  I'aised,  as  it  were,  in  one  piece,  with  the 
ankle-joint  fixed.  Tlie  result  of  these  movements  was  that  she  succeeded 
in  gyrating  in  incomplete  circles  about  her  point  of  support.  Owing  to  their 
sudden  jerky  character  these  movements  were  described  as  being"  like  tliose  of 
a  mechanical  doll  propelled  by  strings,"  and  the  gyration  as  being  reminiscent 
of  a  "  dancing  monkey."  An  attempt  to  make  her  walk  after  she  had  been  in 
hospital  a  few  days  showed  that  she  had  improved  considerably.  The  rigidity 
and  tremor  again  appeared  when  she  sat  on  the  edge  of  the  bed,  so  much  so 
that  her  feet  had  to  be  forcibly  placed  on  the  ground  and  held  there  before 
she  could  get  up.  Her  attitude  on  standing  was  less  flexed  and  the  tremor 
less  generalized.  After  a  latent  period  she  suddenly  and  forcibly  made  three 
rapid  and  very  uncertain  short  steps  forwards,  sprawling  on  completing  them, 
and  would  have  fallen  forwards  if  not  supported.  About  the  same  time  she 
succeeded  in  reaching  the  lavatory,  a  distance  of  twelve  yards,  by  pushing  a 
chair  in  front  of  her.  The  arms,  and  often  the  legs  during  walking,  were  con- 
stantly tremulous,  and  now  and  then  thrown  into  clonic  contractions.  It 
was  repeatedly  observed  that  tremor  and  clonic  contraction  were  practically 
absent  until  some  attempt  was  made  to  perform  a  co-ordinated  muscular 
action  (e.g.,  standing)  and  that  rigidity  was  thereby  increased.  The  liand 
grips  were  powerful  and  equal,  but  unsustained. 

Reflexes. — The  conjunctival,  epigastric  and  hypogastric  reflexes  were  present, 
brisk  and  equal.  Both  knee-jerks  were  present ;  they  were  equal  and  not 
exaggerated.  The  plantar  reflex  was  flexor.  The  ankle,  wrist  and  elbow  jerks 
were  brisk  and  equal.  There  was  no  ankle  clonus.  It  was  difficult  to  decide 
if  Kernig's  sign  was  present.  There  was  no  incontinence.  There  were  no 
tropic  lesions  of  skin  or  bones.  The  feet  tended  to  assume  a  position  of  slight 
equino-varus,  which  could  be  easily  corrected.  It  was  more  marked  on  the 
left  side.     The  vertebral  column  was  normal. 

Sympathetic  system. — The  pupils  dilated  to  shade  and  there  was  no  proptosis, 
exophtlialmos,  nor  lid  retraction. 

Course. — Very  little  change  took  place  in  her  condition  for  four  or  five 
days  after  admission.  Following  this,  a  decided  diminution  was  noticed  in 
the  tremor,  and  the  range  of  voluntary  movement  increased. 

At  1  a.m.  on  March  20,  1922,  without  any  apparent  premonitory  symptoms, 
she  had  a  series  of  about  fifty  convulsions,  accompanied  by  violent  twitching 
of  the  face  and  limbs.  These  convulsions  continued  almost  uninterruptedly 
for  five  and  three-quarter  liours,  she  vomited  incessantly,  the  pulse  was  very 
frequent  and  there  was  hyperpyrexia  (temperature  at  4.  a.m.  108'2^).  At  first 
the   face    was   flushed  and  red,   but    she  gradually   became  cyanosed,  mucus 
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accumulated  in  the  upper  air  passages,  and  respiration  failed  five  and  tliree- 
quarter  hours  after  the  commencement  of  the  attacks. 

Post-mortem  examination  (performed  7i  hours  after  death). — • 
The  body  was  that  of  a  well-nourished  child,  showing  no  evidence  of 
retarded  development,  and  no  abnormality  externally.  There  was 
certainly  no  wasting  of  muscles  and  the  body  was  well  covered.  The 
muscles  were  all  flaccid.  Nothing  abnormal  was  found  in  the  tongue, 
tonsils,  or  pharynx,  but  the  larynx  and  trachea  contained  much  frothy 
mucus.  No  abnormality  was  detected  in  the  oesophagus.  The  thyroid 
was  normal  to  the  naked  eye.  No  disease  beyond  an  acute  terminal 
puhuonary  oedema  was  found  in  the  contents  of  the  thorax.  There  was 
about  a  pint  of  clear  fluid  in  the  flanks,  but  no  adhesions  or  distention 
of  the  bowel.  The  edge  of  the  liver  was  above  the  costal  margin.  No 
abnormality  was  discovered  in  the  stomach,  duodenum,  small  bowel, 
or  extra-hepatic  biliary  system.  No  glandular  enlargement  was  found. 
There  was  some  congestion  and  thickening  of  the  caecum  and  ascending 
colon,  but  the  remainder  of  the  large  bowel  was  normal.  The  mucous 
membrane  of  the  caecum  was  reddened,  and  rather  velvety,  and  three 
small  spherical  swellings  about  2  mm.  in  diameter,  attached  by  broad 
stalks  to  and  projecting  2  to  3  mm.  above  its  surface,  were  seen  in  its 
posterior  wall.  Four  similar  nodules  were  found  in  the  rather  thickened 
and  congested  mucous  membrane  of  the  ascending  colon.  The  spleen 
was  larger  than  normal  (weight  160  grm.,  long  axis  14J  cm.).  Its 
capsule  was  unaltered,  but  the  pulp  was  firm  and  rather  resistant,  and 
its  section  was  flat  and  appeared  to  be  rather  fibrotic.  The  liver  showed 
the  typical  gross  picture  of  multilobular  portal  cirrhosis  (weight  1)07  grm. 
— 32  oz.).  It  was  shrunken  and  considerably  deformed,  its  edges  were 
blunted  and  its  general  configuration  tended  to  be  spherical.  (Greatest 
antero-posterior  diameter  8  cm.,  greatest  diameter  from  superior  surface 
to  lower  edge  14'5  cm.).  The  whole  surface  was  studded  with  irregularly- 
sized  granulations,  varying  from  2  to  12  mm.  in  diameter,  yellowish  or 
yellowish-red  in  colour,  separated  from  each  other  by  deep  red,  shallow 
depressions,  and  here  and  there  by  steep  fissures.  The  capsule  showed 
general  congestion,  and  a  moderate  degree  of  opacity  and  thickening. 
In  places  this  thickening  was  more  pronounced  and  bridged  over  the 
deeper  fissures  on  the  surface. 

On  section,  a  wide-meshed  network  of  fibrous  tissue  was  seen  to 
divide  the  cut  surface  into  circular  and  ovoid  groups  of  lobules,  1  to  15 
mm.  in  diameter  ;  these  islands  of  lobules  were  light  yellow,  and  their 
lobular  pattern  obscured.     The  fibrous  tissue  was  deep  red  and  rather 
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Fig.  1. — Liver;  liepato-lenticular  degeneration  (^  natural  size). 

Fig.  2 — Photomicrographs  of  section  of  liver,  a,  Low  power  view  showing  lobule  isolated 
by  cirrhotic  process.  (Obj.  Leitz,  3a.)  b,  Higher  power  view  of  portion  included  in  circle  in 
fig.  2a,  showing  proliferating  bile-ducts  at  edge  of  a  lobule.     (Obj.  Leitz,  6a.) 

Fig.  3. — Photomicrograph  of  section  of  liver.  Low  magnification  view  showing  broad 
band  of  cellular,  vascular  tissue  isolating  groups  of  lobules.     (Obj.  Leitz,  3a,  oc.  x  8.) 
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translucent.  No  changes  were  seen  in  the  intrahepatic  bile-ducts,  or 
in  the  portal  vein  and  its  main  branches. 

The  pancreas,  kidneys,  suprarenals  and  genital  apparatus  were 
normal. 

Brain. — There  were  no  naked-eye  signs  of  disease  in  the  skull,  dura 
mater,  pia-arachnoid,  venous  sinuses  or  pituitary  body  ;  middle  ears 
were  normal. 

The  corpus  callosum  was  divided  by  an  antero-posterior  incision,  and 
a  horizontal  section  made  through  each  cerebral  hemisphere,  passing 
through  the  lowest  points  of  the  splenium  and  genu.  No  obvious 
changes  were  seen  in  the  basal  ganglia  or  in  the  ventricular  system. 
A  series  of  coronal  sections  was  made  on  each  side  but  no  gross  lesion 
was  found  in  the  central  grey  matter.  The  mid-brain,  pons,  medulla, 
cerebellum  and  spinal  cord  appeared  normal. 

After  the  brain  had  been  hardened  in  formalin  it  was  noticed,  on 
comparing  it  with  the  normal  brain  of  a  child  of  the  same  age,  that  the 
usual  outlines  of  the  lenticular  nuclei  were  partially  lost  and  their 
colour  a  deeper  yellow.  On  cutting  the  frontal  lobe  five  or  six  foci  were 
found,  from  ;}  to  ^  square  cm.  in  area,  especially  about  the  frontal  pole 
on  each  side,  where  the  cortex  looked  thicker  and  appeared  to  be  beset 
with  minute  cavities  and  dusted  over  with  small  brown  dots  and  very 
delicate  brown  streaks.  No  naked-eye  change  was  found  in  the  rest  of 
the  brain,  and  this  naked-eye  change  in  the  frontal  cortex,  in  common 
with  those  in  the  lenticular  nucleus,  was  only  seen  after  careful  scrutiny 
of  the  hardened  brain. 

The  central  nervous  system  (unfortunately  partly  spoiled  by 
immediate  section)  was  placed  in  10  per  cent,  formol-saline,  after 
selecting  portions  of  the  basal  ganglia  for  alcohol  and  Zenker  fixation,  to 
be  subsequently  stained  by  the  Nissl  and  Mallory  neuroglia  methods 
respectively. 

Pathological  Histology. 

Technique  :  Central  nervous  system. — Four  blocks  cut  in  coronal 
section  were  obtained  of  the  basal  ganglia  from  each  side.  At  the  same 
time  similar  blocks  were  taken  from  the  brain  of  a  case  of  lobar  pneu- 
monia, in  which  death  was  preceded  by  high  temperature.  The  two 
series  were  subsequently  subjected  to  the  same  methods  of  staining, 
&c.  From  each  block  two  thinner  blocks  were  cat  and  fixed  in  alcohol 
for  Nissl  staining.  The  other  blocks  were  fixed  in  formol-saline  with 
the  rest  of  the  central  nervous  system.     After  fixation  corresponding 
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pieces  were  taken  from  each  brain  and  cut  by  the  parafi&n  process  and 
by  freezing. 

Sections  were  stained  by  the  following  methods  : — 

(1)  By  Goodpasture's  methylene  blue  modification  of  Nissl's  method. 

(2)  By  haemalum  and  eosin,  and  iron  haematoxylin  and  van  Gieson. 

(3)  By  Lhermitte's  neuroglial  stain  (modified). 

(4)  By  Mallory's  method  for  neuroglia. 

(5)  By  scharlach  R.  and  haemalum. 

Pieces  were  cut  from  all  regions  of  the  cerebral  cortex,  mid-brain,  cerebellum 
and  dentate  nucleus,  mid-pontine  region,  medulla  and  upper  cervical  cord,  and 
treated  according  to  the  same  technique.  The  rest  of  the  material  was  put 
through  the  Kulchitsky-Pal  process  for  myelin.  Fixation  of  the  material  was 
considered  satisfactory  owing  to  the  normal  appearance  of  the  red  blood  cells 
in  all  sections. 

Paraffin  and  frozen  sections  were  taken  of  several  pieces  of  the  liver  and 
stained  by  methods  (2)  and  (5)  above.  Paraffin  sections  of  the  caecum,  colon, 
mesenteric  glands,  spleen,  pancreas  and  thyroid  were  also  made. 

Basal  ganglia. — The  corpus  striatum  presented  very  marked  patho- 
logical changes,  the  putamen  in  all  sections  showing  conspicuous  diffuse 
degenerative  disease  of  the  bodies  of  its  large  nerve  cells.  No  normal 
large  nerve  cells  were  seen  in  any  sections,  and  the  degeneration  was  of 
such  a  degree  that  extraneous  factors,  such  as  post-mortem  autolysis 
and  the  conditions  immediately  preceding  death,  were  judged  to  have 
played  practically  no  part  in  its  causation.  After  examining  the  series 
of  sections  cut  from  the  putamen  it  was  decided  that,  as  far  as  its  nerve 
cells  were  concerned,  there  was  a  definite  selective  atrophy  of  the 
large  type  of  cell,  that  this  process  had  spared  many  of  the  small  nerve 
cells,  and  that  degenerative  changes  in  the  small  type  of  cell  were  much 
more  recent  and  had  not  progressed  as  far  as  in  the  large  cells.  The 
changes  seen  in  the  large  nerve  cells  varied.  Here  and  there  as  many 
as  ten  large  neuroglial  nuclei,  varying  in  form  from  circular  to  ovoid 
and  staining  weakly,  were  seen  grouped  together  in  a  lacuna,  over  and 
under  an  unevenly-stained  mass  representing  the  ultimate  stage  of 
destruction  of  a  large  nerve  cell,  often  hardly  recognizable  as  such. 
This  extreme  change  was  not  common,  the  neuronophagy  usually  being 
much  less  conspicuous,  and  the  outlines  of  the  necrotic  cell  distinguish- 
able. Much  more  frequently  were  encountered  very  swollen  cells  with 
diffusely  and  irregularly  stained  cytoplasm,  still  showing  indications  of 
processes,  but  generally  devoid  of  anything  resembling  a  nucleus.  Up 
to  six  pale  and  often  irregularly  shaped  nuclei  were  present  in  the 
neighbourhood  of  these  cells.     Occasionally  the  nerve  cell  was  shrunken 
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and  collapsed,  aud  fairly  frequently  the  cell  wreck  appeared  to  be 
dusted  over  with  coarse  masses  and  marginally-placed  powdery  deposits 
of  deeply-staining  irregular  granules.  When  a  nucleus  was  found  in 
such  a  cell  it  was  at  its  edge,  or  partially  extruded,  and  it  stained 
deeply  and  appeared  deflated. 

Chromatolytic  changes  in  the  small  nerve  cells  were  less  constant, 
and  the  proportion  affected  smaller.  In  no  case  had  these  changes 
progressed  to  the  extreme  stage  found  in  the  large  nerve  cells,  but 
when  present  they  were  much  more  advanced  than  those  in  control 
specimens,  and  such  alterations  as  could  be  attributed  to  post-mortem 
autolysis  and  the  terminal  events  ia  the  disease. 


Fig.  4. — Photomicrograph  of  normal  putamen.     (Stain,  ironhtematoxylin  and  van 
Gieson.     Obj.  Leitz,  Ga.) 

The  putamen  showed  general  and  unmistakable  gliosis.  The 
number  of  neuroglial  nuclei  and  the  type  of  cell  both  gave  clear 
indications  of  this  change.  The  increased  number  of  glial  nuclei  was 
hardly  so  striking  as  the  change  from  the  normal  in  the  type  of  cell, 
cells  with  large  clear  nuclei  being  the  predominating  variety.  As  cell 
destruction  was  so  much  more  common  in  the  large  type  of  cell,  the 
increase  in  the  number  of,  and  change  of  type  in  the  neuroglial  cells, 
was  really  the  most  noticeable  change  observed  before  making  a 
detailed  examination  under  high  magnification.     The  nuclei  of  these 
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Fig.  5.— Photomicrograph  of  putamen  in  case  desciihed,  under  the  same  magnification 
and  stained  by  same  technique  as  the  normal  control  (fig.  4).  It  shows  increased  density  and 
sponginess  of  neuroglia,  and  many  pathological  glia  cells. 


Fig.  6. — Putamen  of  case  reported  showing  a  necrotic  nerve  cell  in  centre  of  field. 
(Obj.  Leitz,  jVa,  oc.  x  8.) 
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cells  were  large  and  clear,  and  stained  faintly.  Their  shape  varied 
from  circular  to  bluntly  spindle-shaped;  some  were  bowed,  others  were 
slightly  indented.  A  long  search  was  made  for  the  neuroglial  giant 
cell  described  by  Altzheimer  as  specific  of  the  neurogliosis  in  pseudo- 
sclerosis;  two  doubtful  examples  of  this  type  of  cell  were  found,  but  in 
both  instances  it  was  difficult  to  distinguish  between  the  neuronophagy 
occurring  about  a  necrotic  nerve  cell,  and  a  multinucleated  cell.  I 
experienced  the  difficulty,  mentioned  by  Hall,  of  distinguishing  between 


Fig.  7. — Photomicrograph  of  caudate  nucleus  in  case  reported.  (Stained  by  polychrome 
blue,  no  counter-stain.)  It  shows  large  numbers  of  pathological  glia  cells,  and  one  degenerated 
nerve  cell  in  centre  of  field. 


the  small  nerve  cells  of  the  putamen  and  pathological  neuroglial  cells, 
and  relied  chiefly  on  normal  controls  in  assessing  the  degrees  of  pro- 
liferation of  the  latter.  I  could  not  demonstrate  any  neuroglial  fibre 
formation  in  the  putamen,  and  after  staining  many  sections  came  to 
the  conclusion  that  there  was  a  considerable  under-production  of  fibres 
by  the  cells,  and  in  all  probability  a  diffuse  degenerative  change  in  the 
supporting  tissue,  which  by  all  connective  tissue  stains  appeared  gross, 
swollen  and  spongy-looking.  No  change  recalling  an  inflammatory 
process,  nor  any  disease  nor  alteration  in  the  blood-vessels,  were  seen. 

Caudate  nucleus. — Diffuse  and  advanced  degeneration  of  the  bodies 
of  the  nerve  cells  was  almost  as  constant  in  this  nucleus  as  in  the  puta- 
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Fig.  8.— Photomicrograph  of  nerve  cells  from  lenticular  nucleu<?.  (Stained  by  poly- 
chrome blue.)  A  and  B  from  putamen  ;  C  and  D  from  caudate  nucleus  ;  N  from  the  puta- 
men  of  a  case  of  lobar  pneumonia,  dying  with  high  temperature  (normal  control). 
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men.  This  was  iinlooked  for  at  the  outset  of  the  investigation,  but 
sections  taken  from  all  parts  of  the  nucleus  confirmed  it.  As  in  the 
putamen,  the  changes  were  diffuse,  and  there  was  no  suggestion  of 
focal  lesions.  On  the  whole,  reduction  of  the  cell  bodies  to  shrunken 
masses  was  less  noticeable  than  in  the  putamen,  but  the  proportion  of 
damaged  cells  was  just  as  high.  Neurogliosis  was  of  the  same  degree 
as  was  found  in  the  putamen.  The  impression  left  in  one's  mind  after 
examining  both  nuclei  was  that  the  lesion  in  the  putamen  was  some- 
what older.  In  both  the  putamen  and  caudate  nucleus,  frozen  sections 
did  not  show  more  than  a  few  scattered  granule  cells  staining  by 
scharlach  R.,  and  the  Virchow-Robin  spaces  were  practically  free  of 
cells  of  this  type. 

Globus  2)aUidus. — The  nerve  cells  of  both  segments  were  singularly 
free  from  the  extreme  changes  found  in  the  caudate  nucleus  and  puta- 
men, but  degenerative  changes  in  the  bodies  of  the  large  motor  cells 
were  generalized  and  diffuse.  The  commonest  change  consisted  of 
swelling  of  the  cell  with  excentricity  of  its  nucleus,  powdery  marginally 
placed  Nissl  granules,  and  diffuse  staining  of  the  cytoplasm.  Neuro- 
gliosis was  not  so  marked  as  in  the  putamen.  The  change  was  obvious 
in  most  fields  when  examining  this  nucleus  with  a  low  power,  but  occa- 
sionally two  or  three  fields  would  be  encountered  which  demanded  fairly 
critical  comparison  with  normal  controls  to  establish  any  alteration. 
The  neurogliosis  was  of  the  same  type  as  was  found  in  the  putamen. 

02ytic  tlialamus. — An  occasional  cell  was  found  in  sections  showing 
slight  degenerative  changes,  but  hardly  of  a  greater  degree  than  would 
be  accounted  for  by  the  mode  of  death.  There  was  no  definite 
neurogliosis. 

No  constant  clearly-cut  lesions  were  found  in  sections  of  the  sub- 
thalamic nuclei,  mesencephalic  nuclei,  or  in  the  grey  matter  of  the 
pons  and  medulla  oblongata. 

Cerebral  cortex. — The  small  naked-eye  foci  showing  increased  thick- 
ness and  a  finely  pitted  appearance  in  the  cerebral  cortex  of  the  frontal 
lobes  in  the  formalin-hardened  brain  were  very  obvious  under  low  mag- 
nification in  stained  specimens.  All  the  pieces  showing  this  change, 
selected  from  the  frontal  region,  were  difficult  to  prepare  by  the  parafitin 
and  freezing  methods  because  of  their  increased  friability.  Under  low 
powers  these  regions  of  the  cortex  showed  a  uniform  gross  abnormality, 
consisting  of  a  prolific  new-formation  of  well-developed  blood-vessels 
occupying  fairly  accurately  the  area  of  cortex  extending  from  the  middle 
of  the  supraradiary  layer  to  the  junction  of  the  grey  and  white  matter. 
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FiG.  9. —  Photomicrograph  of  section  of  superior  frontal  gyrus.  (Stained  by  Kultchitsky- 
Pal  process.)  The  upper  photograph  was  taken  from  the  edge  of  a  focus  and  is  almost  normal 
in  appearance,  the  lower  from  a  focus  of  vascular  new  formation. 
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In  the  radiary  layer  this  vascular  new  formation  was  sufficiently 
developed  to  cause  very  considerable  distortion,  interruption  and  de- 
generation of  the  nerve  fibre  bundles  of  this  layer,  and  to  obscure  the 
cyto-architecture  to  a  marked  degree.  It  was  to  this  new  formation 
that  the  naked-eye  pitting  and  friability  of  sections  of  this  part  of  the 
cortex  were  due.  The  small  cavities  were  probably  only  exaggerations 
of  the  normal  perivascular  spaces  around  the  larger  of  the  newly-formed 
vessels. 


Fig.  10. — Photomicrograph  of  a  vertical  section  of  the  cortex  of  a  frontal  convolution. 
(Stained  by  the  Kultchitskj'-Pal  process.  Magnification  x  14.)  It  shows  a  focus  of  vascular 
new-formation  occupying  the  free  surface  of  the  convolution.  The  areas  enclosed  in  numbered 
squares  are  represented  under  higher  magnification  in  next  figure. 


The  same  change  was  found  but  to  a  much  less  extent  in  many  parts 
of  the  cortex  ;  the  degree  shown  in  figs.  9  and  10  existed  only  in  the 
frontal  cortex  of  both  sides,  especially  in  the  anterior  part  about  the  frontal 
poles  and  in  the  anterior  halves  of  the  superior  frontal  gyri.  Here  the 
vessels  were  very  tortuous  and  in  thicker  sections  formed  spirals,  closed 
loops  and  knots  often  causing  complete  interruption  of  the  larger  nerve 
fibre  bundles.  There  was  no  indication  that  the  vascular  new-formation 
was  derived  from  the  pia-arachnoid.     It  was  accompanied  by  no  inflam- 
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matory  changes,  and  the  walls  of  the  vessels  were  so  well  formed  and 
the  vessels  themselves  appeared  to  be  so  well  accommodated  in  the 
tissue  that  congestion  and  dilation  of  previously  existing  vessels  could 
be  definitely  ruled  out  as  a  cause  of  the  condition.     The  vessels  were 


Fig.  11. — a.  Normal  control  ;  Weigert-Pal  preparation  of  the  frontal  cortex  of  a  normal 
brain,  but  showing  prominent  vessels,  b.  Cortex  included  in  area  marked  II  in  fig.  10,  taken 
from  the  edge  of  the  lesion,  c  and  d.  Cortex  included  in  area  marked  III  and  IV  in  fig.  10, 
showing  new-formation  of  vessels  and  interruption  of  the  bundles  of  nerve  fibres. 


for  the  most  part  of  the  calibre  of  capillaries  and  pre-capillaries ;  most 
of  the  latter  had  a  delicate  well-formed  elastic  lamina  and  a  single  or 
double  layer  of  muscle-cells.  Some  vessels  of  the  calibre  of  pre-capil- 
laries contained  no  elastic  tissue  in  their  walls,  and  in  a  considerable 
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number  of  these  the  hinien  was  very  considerably  reduced  by  thickening, 
corrugation  and  infolding'of  the  vessel-wall.  In  some  the  thickening 
of  the  wall  was  due  to  hyperplasia  of  muscle-cells,  but  in  the  majority 
it  appeared  to  be  a  result  of  a  rich  investment  of  the  wall  by  a  closely- 
set  and  abnormally  rich  neuroglial  network  (see  fig.  12,  a).  In  no 
sections  were  the  vessels  dilated  ;  the  majority  contained  blood-cells,  and 
no  thrombosis  was  seen.  The  perivascular  spaces  around  the  vessels 
were  large  and  roomy.  It  was  exceptional  for  any  vessel  to  fill  its 
space  completely,  which  was  generally  empty  except  for  two  or  three 
"granule  cells"  containing  lipoid  granules.  The  abnormally  roomy 
perivascular  spaces  were  almost  as  prominent  in  frozen  as  in  paraffin 
sections,  and,  owing  to  the  tortuosity  and  frequent  branching  of  the 
vessels  they  contained,  a  general  view  under  low  magnification  gave  the 
impression  of  many  branching  linear  cavities  containing  central  vessels, 
lying  at  all  angles  to  each  other,  and  separated  by  diffusely  and  deeply 
stamed,  yet  richly  cellular  supporting  tissue.  There  was  no  evidence 
that  the  cavitation  was  due  to  any  other  factor  than  this,  for  although 
the  parenchyma  was  considerably  altered  it  showed  no  gross  softening 
nor  intrinsic  cavitation. 

The  vascular  new-formation  spread  for  a  short  distance  only  into 
the  white  matter,  and  was  generally  most  intense  at  the  summit  of  the 
convolution,  the  cortex  lining  the  floor  being  often  quite  free  from  the 
change.  It  was  peculiarly  localized,  the  free  surface  of  one  con- 
volution would  show  the  change  over  an  area  not  exceeding  one  square 
centimetre,  the  neighbouring  one  w^ould  show  the  same  change  over 
a  similiarly  sized  area,  but  at  a  distance  of  3  or  4  cm.  away.  These 
lesions  were  bilateral  and  most  marked  in  the  frontal  lobes,  being 
present  on  their  superior,  anterior,  and  antero-inferior  surfaces  ;  they 
were  not,  however,  rigidly  symmetrical,  the  foci  on  each  side  being 
scattered  apparently  at  random  over  the  surface.  The  extreme  change 
in  the  frontal  lobes  apparent  on  naked-eye  examination  in  the  formalin- 
hardened  brain  was  not  visible  elsewhere,  but  in  sections  taken  from 
other  regions  a  milder  degree  of  the  same  changes  was  fairly  frequently 
seen.  In  no  case  was  this  sufficient  to  cause  the  same  gross  nerve-fibre 
degeneration  nor  deformity  of  the  cell-layers. 

Where  the  affection  was  most  marked,  the  supporting  and  nervous 
tissue  showed  striking  changes.  The  neuroglia  in  its  staining  re- 
actions was  very  similar  to  that  found  in  the  putamen — coarse, 
diffusely-staining  and  cellular.  It  contained  a  moderate  number  of 
the  same    large    fibre-free    glial    cells  as  were    found  in  the  putamen, 
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Fig.  12  — Pliotomicrographs  of  sections  of  tlie  frontal  cortex  through  a  lesion  similar  to 
that  shown  in  figs.  9  and  10,  stained  by  Lhermitte's  method  for  neuroglial  fibres,  a  Shows 
neuroglial  investment  of  the  wall  of  a  newly-formed  vessel :  b  shows  spider-cells  in  close 
relation  with  the  wall  of  the  vessel  ;  c  and  d  show  large  type  of  fibre-forming  glia  cells  found 
in  large  numbers  in  the  cortical  foci. 
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but  there  were  in  addition  considerable  numbers  of  large  fibre-forming 
glial  cells,  especially  where  the  vessels  were  most  numerous.  (See  fig. 
I'i.  b,  c  and  d.)  The  same  difficulty  was  found  in  distinguishing 
large  glial  cells  from  small  nerve  cells,  but  by  comparison  with  normal 
controls  it  appeared  certain  that  the  cell  increase  in  these  cortical  foci 
was  due  to  the  presence  of  pathological  neuroglia. 


Fig.  13. — Photomicrograph  of  section  oi  a  cortical  focus  similar  to  that  shown  in 
figs.  9  and  10.     Note  the  new  formation  of  vessels.     (Obj.  Leitz,  3a,  oc.  x  8.) 

Degeneration  of  the  cortical  cells  was  confined  to  the  areas  where 
the  vascular  new-formation  was  present.  Here  it  was  considerable  and 
had  affected  an  appreciable  number  of  the  medium  and  large  pyramidal 
cells.  Much  of  this  cell  degeneration  must  be  ascribed  to  the  dis- 
tortion and  degeneration  of  the  fibre  bundles,  caused  by  the  prolific 
vascular  new-formation,  since  the  Weigert-Pal  preparations  showed  a 
marked  degree  of  fibre  degeneration.  In  both  layers  of  large  pyramidal 
cells  all  the  extreme  grades  of  degeneration  were  present  and  satel- 
litosis  was  established.  Loss  of  nucleus,  shrinking  and  diffuse  deep 
staining  of  the  cell-body  were  the  commonest  changes.  There  was  no 
doubt,  however,  that  compared  with  the  cell  degeneration  in  the  striate 
body  the  process  was  much  less  uniform,  and  some  pyramidal  cells, 
especially  at  the  edge  of  the  cortical  foci,  had  escaped,  whilst  a 
considerable  number  of  the  small  pyramidal  cells  were  intact. 
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CereheUinn. — No  definite  lesions  were  found  in  the  cerebellar  cortex. 
The  majority  of  the  cells  of  the  dentate  nuclei  presented  degenerative 
changes  consisting  of  shrinking  and  atrophy  of  the  cell-body  and  deep 


t     r 


Fig.  14.— a,  Photomicrograph  of  a  normal  dentate  nucleus,  stained  by  polychrome  blue  ; 
h  and  c,  dentate  nucleus  in  case  reported,  showing  two  groups  of  degenerated  nerve-cells. 
(Technique  and  magnificatiou  as  in  tlie  normal  control.) 


staining  of  the  cytoplasm.  There  was  mild  neurogliosis  in  the  nuclei, 
but  no  gross  lesion  such  as  was  found  in  the  putamen  of  the  lenticular 
nucleus. 
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Subthalamic  fibre  si/atcin. — Many  factors  contributed  to  make  this 
examination  unsatisfactory,  the  chief  being  the  fact  that  at  the  autopsy 
this  region  was  cut  in  many  places,  making  it  impossible  to  orientate 
the  pieces  afterwards.  However,  a  few  sections  were  obtained  which 
showed  definite  and  well-marked  degeneration  of  the  fibres  of  the 
ansa  lenticularis.  The  change  was  gross  and  shown  well  by  the  Weigert- 
Pal  method.  Dr.  Blachford,  of  the  Bristol  Mental  Hospital,  gave  me 
considerable  help  in  the  anatomical  localization  of  the  degeneration, 
and  expressed  complete  agreement  with  this  diagnosis. 

Liver. — The  naked-eye  appearances  of  multilobular  cirrhosis  were 
confirmed  microscopically.  A  wide-meshed  network  of  fibrous  tissue 
was  seen  to  enclose  in  its  meshes  groups  of  three  to  eight  liver  lobules. 
This  cirrhotic  process  had  the  following  salient  characters : — 

(a)  It  was  excessively  vascular. 

(b)  It  showed  no  tendency  to  invade  the  isolated  lobules  except  at 
their  extreme  edges. 

(c)  It  was  composed  of  broad  sheets  of  rather  immature  fibrous 
tissue,  lying  in  which  were :  (1)  A  prolific  new-formation  of  bile  capil- 
laries, and  (2)  many  foci  of  mononuclear  cells  tending  to  be  disposed  in 
relation  to  the  walls  of  the  numerous  vessels. 

The  liver  cells  of  those  lobules  in  the  centre  of  the  isolated  groups 
of  lobules  were  normal,  except  for  recent  venous  congestion,  and  little 
change  was  found  in  the  more  peripheral  lobules,  except  towards 
their  edges.  Here  the  fibrosis  had  cut  off  and  isolated  groups  and 
columns  of  liver  cells,  and  very  occasionally  had  completely  isolated 
a  lobule.  The  cells  of  these  isolated  lobules  and  groups  showed  all 
pathological  changes  from  moderate  fatty  infiltration  (with  single 
droplets  and  an  eccentric  normal  nucleus)  to  the  changes  associated 
with  cell-death. 

As  the  number  of  isolated  single  lobules  was  small,  and  the  isolation 
of  cell  groups  not  conspicuous,  the  amount  of  actual  destruction  of 
the  hepatic  parenchyma  was  not  large.  The  increased  vascularity  of 
the  fibrous  tissue  was  due  to  the  presence'  of  enormous  numbers  of 
widely-open,  thin-walled  fragile  vessels,  which  were  confined  to  this 
tissue,  and,  like  it,  showed  no  invasion  of,  nor  connection  with  the 
hepatic  lobules.  They  were  generally  lined  by  a  double  layer  of  endo- 
thelium, were  devoid  of  an  elastic  lamina,  and  the  muscle  was  either 
absent  or  very  scanty.  The  fibrous  tissue  itself  was  obscured  by  them, 
but  it  appeared  to  be  much  more  mature  and  of  older  date,  especially 
at  the  edges  of  the  lobules.     Toward  the  centre   of  the  cirrhotic  bands 
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it  was  less  mature.  The  bile  capillaries  were  numerous,  and  their 
epithelium  actively  growing.  They  showed  little  tendency  to  invade 
the  lobules,  or  to  fuse  with  the  more  or  less  isolated  liver  cells  lying  in 
the  cirrhotic  tissue.     No  bile  stasis  was  seen  in  them. 

The  collections  of  mononuclear  cells  appeared  to  lie  in  foci  within 
the  fibrous  tissue.  In  some  parts  they  were  few,  in  others  a  rich  infil- 
tration of  the  tissue  was  present.  They  were  constantly  most  numerous 
around  the  thin-walled  vessels,  and  immediately  surrounding  the  vessels 
a  fairly  high  percentage  of  them  were  polynuclear.  Others  were  typical 
plasma  cells,  and  at  the  edges  of  these  cell  collections  the  majority  were 
typical  lymphocytes. 

Sections  of  the  liver  stained  by  Gram's  method  showed  no  organisms, 
and  no  result  was  obtained  in  sections  stained  for  pathological 
pigmentation. 

Colon. — Cultures  were  made  from  the  caecum,  the  transverse  colon, 
the  descending  colon  and  the  mucous  membrane  of  the  ascending 
colon.     No  pathogenic  organisms  v/ere  isolated. 

The  nodules  in  the  caecal  wall  consisted  of  polypoid  projections  of 
hypereemic  inflamed  mucous  membrane,  overlying  a  somewhat  fibrotic 
submucosa.  There  was  no  gross  loss  of  mucous  membrane  in  any 
section,  but  the  glands  in  all  sections  were  widely  separated  by  an 
abnormally  rich  cell-exudate.  This  was  true  of  all  sections  taken  of  the 
mucous  membrane,  as  far  as  the  splenic  flexure,  but  it  was  most  notice- 
able in  the  caecum.  Here  and  there  were  microscopic  patches  in  the 
mucosa  devoid  of  gland  tissue,  which  was  replaced  by  hyperaemic  cellular 
tissue,  in  which  a  few  groups  of  epithelial  cells,  the  remains  of  gland- 
tubules,  lay.  The  cells  were  chiefly  of  the  large  mononuclear  type, 
lymphocytes  were  not  conspicuous,  l)ut  polymorphonuclears  were  fairly 
numerous.  These  microscopic  gaps  in  the  mucous  membrane  were 
numerous,  and,  taken  together,  represented  a  considerable  loss  of 
surface. 

Although  hyperaemia  was  prominent  in  these  foci,  no  constant  peri- 
vascular arrangement  of  the  cell-exudate  nor  thrombosis  of  vessels  was 
seen,  and  the  fixed  connective  tissue  reaction  was  not  marked.  Below 
these  small  breaches  of  surface,  the  muscularis  mucosae  was  pierced  by 
the  cell-exudate,  but  this  did  not  extend  far  into  the  submucous  coat 
which,  on  the  whole,  together  with  the  other  coats  of  the  bowel  wall, 
appeared  normal.  The  lesion  was  regarded  as  a  widespread  subacute 
catarrhal  colitis. 


17-2  original  articles  and  clinical  cases 

Summary  of  Case. 

A  girl,  aged  12J  years  at  the  time  of  her  death,  was  noticed  at  the 
age  of  10  to  be  awkward  with  her  hands  in  writing  and  knitting,  having 
been  previous  to  this  in  all  respects  a  normal  child.  This  disability 
progressed  slowly,  and  her  speech  became  indistinct.  She  developed  a 
stoop,  a  change  in  facial  expression,  excessive  salivation,  and  a  gross 
speech  defect.  Her  motor  disability  progressed,  and  she  developed 
coarse  tremor  of  both  upper  limbs.  At  the  age  of  12  she  could 
hardly  walk,  strangers  could  not  understand  her  speech,  and  the  tremor 
of  the  hands  made  it  difhcult  for  her  to  feed  herself.  During  the  last 
six  months  of  her  life  all  her  symptoms  became  rapidly  worse.  She 
developed  intermittent  facial  spasms,  a  gross  speech  defect,  and  a  diffuse 
rigidity  of  her  voluntary  musculature,  which  made  walking,  sitting  and 
standing  almost  impossible.  These  symptoms  varied  in  intensity  and 
she  became  subject  to  convulsions.  She  died  two  and  half  years  follow- 
ing the  onset  of  the  disease,  after  a  series  of  epileptiform  convulsions 
lasting  several  hours. 

Clinical  examination  revealed  a  diffuse  muscular  rigidity,  affecting 
agonists  and  antagonists  equally,  which  was  increased  by  any  attempt  at 
co-ordinate  muscular  contraction  and  by  emotion,  but  subject  to  inter- 
missions during  which  its  intensity  lessened  considerably.  Associated 
with  the  rigidity,  and  increasing  and  decreasing  with  it  in  intensity,  there 
was  a  coarse  tremor  of  all  four  limbs.  Attempts  at  walking  resulted  in  a 
series  of  grotesque,  disordered  movements,  in  which  she  contracted  all 
her  muscles,  but  failed  to  accomplish  the  act.  She  had  a  marked 
degree  of  dysarthria.  She  was  not  paralysed,  and  had  no  sensory 
changes. 

On  post-mortem  examination  she  was  found  to  have  an  intense 
multilobular  hepatic  cirrhosis.  The  central  nervous  system  showed  no 
naked-eye  changes,  but  microscopically  the  lenticular  nucleus  presented 
widespread  degeneration  of  its  nerve  cells,  and  replacement  of  its 
supporting  tissue  by  neuroglial  cells  of  a  pathological  type  which  formed 
no  fibres.  This  change  was  bilateral,  and  of  equal  intensity  on  the 
two  sides.  There  were  degenerative  changes  in  the  ansa  lenticularis. 
The  cortex  of  the  frontal  lobes  showed  foci  just  visible  to  the  naked  eye, 
in  which  a  prolific  vascular  new-formation,  nerve-fibre  degeneration,  and 
a  considerable  degree  of  nerve  cell  destruction  were  present.  The 
nerve  cells  of  the  dentate  nuclei  were  degenerated. 
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Discussion. 

The  case  reported  bears  a  strong  clinical  resemblance  to  Wilson's 
disease,  showing  most  of  its  essential  positive  features  ;  yet  the  patho- 
logical examination,  especially  the  striking  absence  of  naked-eye 
changes  in  the  brain,  is  in  favour  of  classifying  the  case  as  one  of 
pseudo-sclerosis.  This  is  brought  out  clearly  by  tabulating  the  main 
characters  of  the  two  classical  types  with  those  common  to  both,  and 
comparing  them  with  those  found  in  the  case  described.  In  this  w^ay 
it  becomes  obvious  that  the  case  described  does  not  fit  accurately  into 
the  progressive  lenticular  degeneration  group,  nor  into  that  of  pseudo- 
sclerosis. For  many  of  the  facts  in  the  following  table  I  am  indebted 
to  Hall's  painstaking  analysis  of  the  published  cases,  and  where  figures 
are  mentioned  under  the  heading,  "  Hepato-Lenticular  Degeneration," 
they  are  his. 

There  seems  little  doubt  that  practically  all  the  symptoms,  and 
certainly  all  the  motor  disabilities  found  in  the  diseases  comprised  under 
the  term  "  Hepato-Ijenticular  Degeneration,"  are  due  to  the  diffuse 
generalized  muscular  rigidity  invariably  associated  with  them.  In  the 
case  reported,  this  rigidity  was  well  established  and  had  produced  an 
extreme  degree  of  dysarthria,  but  it  was  apparently  not  so  intense  as 
in  the  classical  types  of  progressive  lenticular  degeneration ;  it  had  not 
reached  the  stage  where  the  whole  voluntary  musculature  is  permanently 
rigid  during  the  waking  hours ;  no  muscular  contractures  were  present, 
and  a  very  marked  diminution  in  the  rigidity  could  be  obtained  if  the 
muscles  were  put  at  rest.  The  patient  enjoyed  intermissions  when  at 
rest,  during  which  the  rigidity  and  its  resulting  symptoms  almost 
disappeared.  In  spite  of  this,  the  positive  nature  of  the  symptoms 
was  certainly  of  the  order  found  in  Wilson's  disease,  with  which  is 
invariably  associated  a  naked-eye  destructive  lesion  of  the  lenticular 
nuclei.  The  pathological  examination,  however,  failed  to  show  any 
gross  change  in  the  brain,  and  we  are  forced  to  look  closer  into  the 
histological  changes  found  in  this  case  to  explain  the  contradiction. 

In  pseudo-sclerosis  the  muscular  rigidity  and  the  destructive  changes 
in  the  lenticular  nucleus  are  minimal ;  in  progressive  lenticular  degenera- 
tion the  rigidity  is  intense  and  the  destruction  of  the  putamina  often  total. 
The  histological  changes  in  the  case  described  consisted  of  a  pathological 
neurogliosis  which  had  entirely  replaced  the  normal  glial  tissue  of  the 
putamina  and  caudate  nuclei,  and  a  selective  necrosis  of  the  large  nerve 
cells  of  these  nuclei.  This  change  was  sufhcient  to  give  rise  to  all  the 
positive  signs  of    Wilson's  disease.     It  appears  likely,   therefore,  that 


U 

f. 

10  years 
Female 

00 

u 
OS 

p 

No  family  history  obtained 

Generalized  and  intense  in  move- 
ment and   standing  ;    marked 
relaxation     during     intermis- 
sions ;  always  very  variable 

Always     present    in    voluntary 
muscular  contractions,  but  not 
a  striking   feature   otherwise  ; 
of  the  same  type  as  in  preceding 

As  in  Wilson's  disease 

Croat  difficulty  even  in  standing, 
walking  almost  impossible 

Moderate  rigidity  only.     Mouth 
not  held  widely  open.  Rigidity 
well  marked  during  attacks  of 
spasm.     Face  always  flushed 

"5 
o 

•j: 

6 

This  type  generally  in  patients 
in  which  the  onset  is  between 
30  and  45 

Males  predominate 

As  Wilson's  di.sease 

As  Wilson's  disease 

Much  less  intense  ;  may  escape 
notice,  but  often  o'ovious  and 
probably  always  present 

Always    present,     occasionally 
very   marked  ;    is    a  striking 
feature 

0 

to 

a 
0 
to 

fS 

to 

*a 
0 

to 

% 

a 

to 

< 

Often  only  moderate  difficulty  ; 
rarely  so  marked  as  in  Wilson's 
disease 

Spasm     and     rigidity     incon- 
spicuous.     Immobility     and 
mask  -  like  expression  gener- 
ally 

S 

—  s 

5  % 

Between  15  and  20.. 
Tends  to  include  the  younger 
patients 

Sexes     appear    to    be    more 
equally  alTocted 

2     to  7    years    (average)    . . 

Limits — 

4  months  to 7  years  (Wilson) 

Equally      marked      familial 
tendency 

Is  always  a  marked  feature  ; 
dominates  the  clinical  pic- 
ture ;     may    terminate    in 
contracture  attitudes 

A  salient  feature 

Increases  as  disease  progresses; 
the  muscular  rigidity  tends 
to  mask  it 

Normal,  but  difficult  to  elicit 
when      rigidity  is     iutense 
Abdominal  reflexes  present 

Great  difficulty  always  ;  pro- 
gresses to  complete  inability 
to  walk  or  stand 

Intense     rigidity     of     facial 
muscles.    Widely-open  eyes 
and  mouth.    Powerful  facial 
spasms.      Tongue    muscles 
rigid 

5.1 

<  5 

Between  11  and  25    . . 
Limits  :  3  to  41  years 

IMalos  predominate  :  50  males 
to  18  females.     (Hall) 

2  to  7  years  (average) 

Limits— 

1  month  to  11  years.    (Hall) 

Is  familial,  and  in  one  fenera- 
tion in  half  the  cases.     In 
two  cases  lias  appeared  in 
several  generations.     (Hall) 

Alwaj's  present  and  general- 
ized :     degree     of     rigidity 
varies  ;   is    not   pyramidal ; 
affects   agonists   and   anta- 
gonists equally 

Generalized  tremor  the  most 
common 

Always   increased  by  volun- 
tary muscular  contraction 

Not  altered     . . 

.\bdominal  reflex  present    . . 

Difficulty  in  walking  present 
in    all    cases,     but     varies 
witbiu  wide  limits 

pjvery  gradation  from  facial 
immobility  (of  Parkinsonian 
type)  to  iutense  facial  spasm 

Ago  at  onset     . . 
Greatest  incidence 

Sox         

Duration  (when  disease 
itself  caused  death) 

Family  history 

Jlotor  system  — 

(1)  Muscular  rigidity 

(2)  Involuntary  move- 
ments 

Reflexes 

Walking 

0 

0) 
to 

0 

eS 

9 

CO 

.  a 
a. 2 

S.2 

gg 

|2 
l« 

§1 

§3 

Was  a  striking  feature.    Speech 
limited     to     a     few     mono- 
syllables 

Not  a  marked  feature 

a 

O 
M 

o 
_o 

>^ 

"5 

o 

o 

cr. 

O 

a 

CO 

eg 

Not  demented.     Some  diminu- 
tion of  intellectual  powers 

Attacks  of  epistaxis.     No  other 
signs 

No  naked- eye  changes.    Diffuse 
uniform  degeneration  of  large 
nerve  cells   of  putamen   and 
caudate    nucleus    of    corpus 
striatum,   with    degeneration 
of  its  fibre  system  and  marked 
neurogliosis.   Degeneration  of 
fibre    system    and    a   prolific 
vascular    new    formation    in 
several    foci    in    the    cortex, 
specially  in  the  frontal  lobes. 
Cell  degeneration  in  these  foci 
of  cerebral  cortex,  and  in  den- 
tate nucleus,  but  to  less  degree 
than  in  putamen  and  caudate 
nucleus.    Altzheimer  cells  not 
numerous.      Wider   diffusion 
of    changes    throughout    the 
central   nervous    system    not 
found 

May  be   a   quite  slight   defect 
only.     Generally  present,  but 
to  a  considerably  less  degree 
tiian  in  Wilson's  disease 

Usually  only  slight  dysphagia 

Very  commonly  present 

<o 

tt 

ci 

g 

2 

o 

g 

>  so 

2  § 
--g 

%% 

As  in  Wilson's  disease  . . 

No  naked-eye  changes  as  a  rule, 
but       diffuse       degeneration 
throughout   brain.     Yet   this 
chiefly  in  basal  ganglia,  and 
especially   in    lenticular    nu- 
cleus.      The    hypothalamus, 
cortex    cerebri    and     dentate 
nucleus    are    ofteu    involved. 
Change  is  a  degeneration  and 
destruction  of  nerve  cells,  with 
marked  progressive  neuroglio- 
sis.    Altzheimer  describes   as 
occurring    frequently    in    all 
parts  of  C.N.S.,  a  neuroglial 
giant   cell.     Universal  distri- 
bution  of  this  cell    not   con- 
firmed  since  his  description. 
All    observers    agree    that    a 
diffuse    neurogliosis,    charac- 
terized  by  large  numbers   of 
neuroglial  cells  with  large  pale 
nuclei,    is    present.       This 
usually  found  in  grey  matter 
only.      Hall   finds   it   in   the 
white  matter  also 

Always  present,  marked  and 
progressive,  reaching  com- 
plete anarthia.  No  paralysis 
or  atrophy  of  muscles  con- 
cerned 

Generally  a  very  marked  dif- 
ficulty 

Has  been  described  in  typical 
cases 

Dementia  not  marked 

No  clinical  signs,  and   only 
vague  symptoms 

Characterized   by   naked  eye 
changes,  and  a  sharply  de- 
marcated   lesion,    viz.,    bi- 
lateral, symmetrical  soften- 
ing of  the  lenticular  nucleus, 
with  cavitation  of  the  puta- 
men.  This  change  is  present 
in   all   clearly  cut  cases  of 
Wilson's  disease.    Degener- 
ation of   tracts  connecting 
striate   body   to    thalamus, 
subthalamic   body  and   reel 
nucleus.  Economo  describes 
cortico-striate  degeneration. 
A   diffuse    neurogliosis   has 
been  found   since  Wilson's 
publication,    similar   in   all 
respects  to  that  of  pseudo- 
sclerosis.    Occasionally  ca- 
vitation has  been  described 
in  the  cerebral  cortex 

with  arms  adducted  ;  every 
gradation  between  this  and 
slight  general  rigidity 

Varies  from  slight  dysarthria 
to  complete  anarthria  ;  al- 
ways slow  and  spasmodic  ; 
relaxes  with   the  muscular 
rigidity  which  causes  it 

Variable,  depending  on  degree 
of   rigidity.     Fluids   gener- 
ally easily  swallowed 

Present   in   more   than   half 
the  recorded  cases 

A  varying  degree  of  dementia. 
Generally  slight 

Generally      no      abdominal 
symptoms.     Liver  dullness 
generally  diminished 

Nerve-cell     destruction    and 
neuroglial   proliferation 
most  marked  in  the  corpus 
striatum  but  ofton  diffuse, 
yet   of   less   severe    degree, 
throughout    most     of     the 
brain.    Dentate  nucleus  and 
cerebral    cortex    often     in- 
volved.    Changes  vary  from 
gross   naked-eye  cavitation 
to  discoloration  of  lenticu- 
lar nuclei,  down  to  absence 
of  any  naked-eye  changes 

1 

1 

1 

•  Speech  defect  , . 
Difficulty  in  swallowing 

Corneal  pigmentation 

Mental  state    . . 

Abdominal  organs 

Pathological      changes 
in     central    nervous 
system 

• 

S.2 


2.1 


2    !C  _ 


a,  o 


p  1-  ce 


a 


-^  1  «  ^ 


VO      >      !^      Q> 

5  S  S'^ 


'  tj  "^  •*  . 
I  fcri  ■♦^  — ■, 


60  >> 

O    s- 

2> 


•  ^  *        ^   r-   <a 


o  ?f.E^  o  2 


-  2  H 


,  ;j;        o 


ON    HEPATO-LENTICULAR    DEGENERATION  177 

the  histological  changes  described  in  the  lenticular  nuclei  in  the  case 
reported,  represent  a  stage  in  its  functional  destruction  not  far  removed 
from  the  total  degeneration  found  in  well-established  cases  of  Wilson's 
disease. 

As  regards  the  changes  found  in  the  other  parts  of  the  brain,  the 
small  foci  of  degeneration  and  vascular  new^-formation  in  the  cerebral 
cortex  were  as  strikmg  as  they  were  unexpected.  A  similar  change  has 
been  found  in  the  corpus  striatum  in  this  disease  by  Pollock  and  by 
Spielmeyer.  Pollock  found  in  silver-impregnated  preparations  of  the 
lenticular  nucleus  in  this  disease  a  dense  network  of  thickened  vessels 
ramifying  irregularly  and  pervading  the  whole  of  the  putamen.  In 
sections  stained  by  haematoxylin  and  eosm  this  appearance  was  not 
found.  Pollock  insists  that  this  appearance  is  only  obtained  by  impreg- 
nation methods.  Hall  found  a  similar  vascular  proliferation  in  the 
dentate  nucleus  and  red  nucleus.  He  is  inclined  to  regard  the  change 
described  by  Pollack  as  due  to  atrophy  and  retraction  of  the  wasted 
nucleus.  Spielmeyer  found  a  striking  proliferation  of  vessels  and  of 
perivascular  connective  tissue  in  the  most  degenerate  parts  of  the  corpus 
striatum.  He  discovered  a  similar  change  in  the  dentate  nucleus,  but  in 
neither  nucleus  any  accompanying  inflammatory  changes.  Spielmeyer 
also  found  focal  lesions  in  the  cerebral  cortex  of  the  occipital 'lobes,  in 
which  the  changes  were  of  the  same  type  as  those  found  in  the  lenticular 
nucleus,  i.e.,  intense  nerve-cell  degeneration  and  marked  neurogliosis. 
Howard  and  Royce  have  described,  in  a  case  having  a  duration  of  one 
month  (the  most  acute  case  published),  cavitation  in  the  caudate 
nucleus,  optic  thalamus  and  red  nucleus,  similar  to  that  found  in  the 
putamen. 

It  is  probable,  therefore,  that  the  changes  in  the  cerebral  cortex  are 
of  the  same  nature  as  those  found  in  the  lenticular  nucleus,  but  of  more 
recent  origin  or  of  a  less  acute  type.  I  am  not  inclined  to  agree  with 
Hall  that  the  vascular  new  formation  is  probably  due  to  wasting  and 
retraction  of  the  grey  matter.  The  change  described  in  my  case  was 
quite  unlike  that  found  in  an  organ  undergoing  atrophy,  and  its  intensity 
was  out  of  all  proportion  to  the  amount  of  wasting.  It  seems  probable 
that  this  change  is  an  early  stage  in  the  same  pathological  process  which 
eventually  ends  in  nuclear  destruction,  and  that  it  appears  in  extra- 
lenticular  foci,  because  they  are  affected  later. 

It  is  my  pleasant  duty,  in  conclusion,  to  thank  Dr.  J.  Odery  Symes, 
Physician  to  the  General  Hospital,  Bristol,  for  permission  to  publish 
the  case,  for  the  use  of  his  clinical  records  and  encouragement  in  the 
investigation. 
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I  am  considerably  indebted  to  Dr.  J.  V.  Blachford,  the  Super- 
intendent of  the  Bristol  Mental  Hospital,  for  placing  at  my  disposal  his 
intimate  knowledge  of  the  anatomy  of  the  nervous  system,  and  for 
kindly  criticism  and  advice  in  the  preparation  of  the  paper  and 
examination  of  the  material. 

Conclusions. 

U)  A  case  is  described  having  all  the  essential  characters  of  hepato- 
lenticular degeneration. 

(2)  It  illustrates  conclusively,  both  clinically  and  pathologically,  the 
existence  of  transition  types  between  Wilson's  disease  and  pseudo- 
sclerosis. 

(3)  Focal  lesions  in  the  cerebral  cortex,  characterized  by  a  prolific 
vascular  new  formation,  are  described. 

(4)  A  selective  necrobiosis  of  the  large  motor  cells  of  the  putamina 
and  caudate  nuclei  was  found  histologically. 

(o)  It  appears  probable  that : — 

(a)  An  early  stage  in  the  destruction  of  nervous  tissue  in  these 
diseases  is  the  development  of  a  specific  type  of  vascular 
new  formatioA. 
(%)  The  changes  described  in  the  lenticular  nuclei  in  the  case 
reported  represent  a  late  stage  in  their  degeneration. 
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KHYTHMICAL  CONVEEGENCE  SPASM  OF  THE  EYES  IN  A 
CASE  OF  TUMOUR  OF  THE  PINEAL  GLAND. 

BY  S.  J.  R.  DE  MONCHY,  M.D. 

Rotterdam. 

{From  the  Psych.  Neurol.  Clinic,  Valeriusplein,  Amsterdam.     Dir.  Prof.  Dr.  Boiunan.) 

The  study  of  the  symptomatology  of  tumours  of  the  pmeal  gland 
has  brought  to  light  a  great  many  facts,  but  there  is  still  much  to  be 
learned.  It  is,  therefore,  necessary  that  all  cases  that  may  contribute 
to  a  fuller  knowledge  of  this  subject  be  described,  and  for  this  reason  I 
record  here  a  case  with  remarkable  clinical  symptoms  : — 

H.  K.,  aged  14,  came  of  a  neuropathic  family.  A  sister  of  the  father's  was 
epileptic ;  the  paternal  grandfather  indulged  in  alcohol  to  excess,  and  the 
mother  and  maternal  grandmother  were  abnormal.  A  brother  of  the  father 
suffered  from  tuberculosis.  The  pptrents  are  healthy  and  have  had  two 
children  only ;  there  were  no  miscarriages.  The  patient's  brother  is  healthy. 
The  patient's  birth  was  attended  with  difficulty,  instruments  being  used,  but, 
as  far  as  can  be  ascertained,  no  permanent  bad  consequences  ensued.  The 
child's  development  was  normal ;  he  learned  to  walk  and  speak  at  the  normal 
time,  and  he  was  clean  in  his  habits  at  an  early  age.  He  did  not  suffer  from 
nocturnal  enuresis.  He  has  had  no  serious  illness  and  was  not  subject  to  fits. 
He  was  a  gentle,  somewhat  nervous  boy,  who  did  not  get  on  very  well  at 
school,  partly  because  he  was  playful  and  inattentive. 

In  December,  1919,  he  began  to  look  ill,  became  thin,  and  complained  of  a 
singing  noise  in  his  left  ear,  headaches  and  dizziness  ;  he  often  stayed  in  bed 
for  the  day.  In  January,  1920,  there  came  a  sudden  change  for  the  worse  ; 
his  temperature  rose  to  40°  C.  and  he  had  violent  headaches  and  loud  singing 
in  his  ears.  The  fever  gradually  diminished,  but  he  remained  ill  and  began  to 
squint-  He  exhibited  a  pronounced  tendency  to  undue  sleepiness  ;  sometimes 
he  slept  all  through  the  day.  Gradually  the  illness  took  the  form  it  pr-esented 
in  September,  1920,  when  he  came  under  observation. 

He  was  a  rather  broad-shouldered  but  short  boy,  the  shortest  but  two  in 
his  class  at  school,  though  he  was  one  of  the  oldest.  He  had  a  flabby  appear- 
ance with  deposition  of  fat  chietiy  round  the  breasts  and  the  abdomen  ;  this 
was  the  more  striking  as  he  was  much  thinner  than  he  had  been  formerly. 
Since  March  his  weight  had  increased  by  7 '5  kilog.  There  was  no  swelling  of 
the  glands,  the  pulse-rate  was  80  and  always  regular,  respiration  was  quiet 
but  his  temperature  now  and  then  rose  a  little  above  the  normal.     Smell  was 
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not  aft'ected.  Vision  was  |  in  both  eyes,  which  were  emmetropic.  The  visual 
fields  were  concentrically  limited  in  a  small  degree  and  in  both  eyea  tliere  was 
a  papillitis,  with  a  swelling  of  3i  D.  in  the  right  eye  and  4  D.  in  the  left.  The 
pupils  were  equal,  of  medium  size  and  regular  in  outline  ;  there  was  no  hippus. 
The  reaction  to  light  was  exceedingly  slight  in  the  right  eye,  totally  absent  in 
the  left  :  on  the  other  hand  the  reactions  on  convergence  and  to  pain  could 
be  easily  elicited.  There  was  convergent  strabismus,  whicli  increased  and 
decreased  suddenly  at  intervals,  so  that  a  rhythmical  spasm  of  convergence 
ensued.  The  converging  ])hase  of  this  movement  w'as  rapid,  the  diverging 
phase  slower.  The  right  eye  moved  fully  into  the  outer  canthus,  tlie  left  eye 
not  quite  so  much,  but  the  difference  was  small.  There  was  almost  complete 
conjugate  paralysis  of  upward  and  downward  movements.  Adduction  and 
rotation  were  undisturbed.  He  did  not  complain  spontaneously  of  seeing 
double,  but  with  tlie  red-green  spectacles  diplopia  appeared  to  exist,  the  images 
being  homonymous  and  their  mutual  position  changing  little  with  change  in 
the  direction  of  gaze.  Now  one  image,  now  the  other  was  slightly  oblique. 
The  double  images  separated  further  when  the  object  that  w^as  to  be  focused 
was  moved  to  a  greater  distance  for  him.  Sensibility  in  the  area  of  the 
trigeminal  nerve  was  undisturbed,  and  the  corneal  reflexes  were  present  on  both 
sides.  The  right  masseter  and  temporal  muscles  contracted  less  vigorously 
than  those  on  the  left  side.  The  jaw  reflex  was  diminished,  and  tlie  floor 
of  the  mouth  was  possibly  somewhat  softer  on  the  left  than  on  the  right  side. 
The  left  side  of  the  face  seemed  sliglitly  paretic  but  the  facial  muscles  reacted 
normally  to  electric  stimulation.  There  was  some  diminution  of  liearing  on  the 
left  side  with  shortened  bone  conduction,  while  Weber's  test  showed  some 
lateralization  towards  the  right  ;  this  may  have  been  due  to  slight  sclerosis  of 
right  tympanum.  Rinne's  test  gave  a  normal  result  on  both  sides.  Taste 
was  unaff"ected.  The  left  side  of  the  pharyngeal  arch  was  somewhat  broader 
than  the  right,  but  both  moved  equally  well.  Phonation  was  normal  but 
speech  was  impeded,  slow  and  scanning.  The  sternomastoid  and  the  trapezii 
muscles  contracted  well.  The  tongue  protruded  straight  and  there  was  no 
lingual  tremor.  There  was  nothing  particular  to  be  observed  in  the  teeth  and 
palate :  the  pharyngeal  reflex  was  present.  The  thyroid  gland  was  not 
enlarged. 

It  is  remarkable  that  the  patient  never  kept  his  head  still ;  it  was  continually 
in  a  slight  irregular  motion.  There  were  no  disturbances  of  sensibility  on  the 
neck  or  chest.  No  abnormalities  in  the  heart  or  lungs,  or  enlargement  of  the 
thymus  could  be  detected.  The  movements  at  the  neck  and  the  spine  wei'e 
free.  There  was  no  pronounced  dermography  or  hyperaesthesia.  There  were 
incessantly  small  irregular  movements  of  both  arms  while  they  were  at  rest, 
and  involuntary  movements,  producing  a  form  of  intention  tremor  or  atasia,  in 
movement  which  gave  a  certain  clumsiness  to  more  delicate  actions,  as  tying 
knots  or  writing.  Muscular  power  was  poor,  slightly  less  in  the  left  than  in 
the  right  arm  (the  boy  was  right-handed).  Muscular  tone  was  normal.  There 
was  slight  dysdiadochokinesia  in  the  left  arm,  but  no  deviation  in  the  pointing 
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tests.  The  tendon  and  periosteal  reflexes  were  diminished,  and  equally  so  on 
both  sides.  The  sense  of  touch,  pain,  cold,  heat,  and  the  sense  of  position  and 
stereognosis  were  not  impaired.  The  abdominal  organs  presented  nothing 
w'orthy  of  mention.  The  right  lower  abdominal  reflex  was  diminished.  Sen- 
sation on  the  skin  of  the  abdomen  and  loins  was  not  impaired.  Both  the 
penis  and  the  testicles  were  remarkably  small,  and  the  growth  of  pubic  hair 
was  scanty.  The  cremasteric  reflex  was  present.  The  legs,  as  the  arms, 
were  never  still.  The  strength  of  both  was  good,  there  was  no  ataxy  and  the 
tone  of  their  muscles  was  normal.  The  knee-jerks  were  brisk  and  equal  but 
there  was  no  clonus.  The  reflexes  of  Babinski,  Oppenheim  and  Rossolimo 
could  not  be  elicited.  Sensation  was  undisturbed  in  the  lower  limbs.  He 
could  bend  the  body  backwards  and  raise  it  again  to  the  sitting  position  with 
crossed  arms.  Romberg's  phenomenon  was  absent.  He  walked  and  stood 
unsteadily. 

The  urine  contained  no  albumen,  and  no  sugar  even  after  taking  100  gr.  of 
glucose  on  an  empty  stomach.  The  reactions  of  Wassermann  and  Sachs- 
Georgi  (Bok's  quantitative  method)  gave  repeatedly  negative  results  in  the 
serum  and  cerebrospinal  fluid,  as  well  as  in  the  blood  of  both  parents.  Nonne's 
reaction  w^as  sometimes  faintly  positive  ;  Pandy's  reaction  was  often  so.  The 
cerebrospinal  fluid  contained  40  cells  per  c.mm.  ;  these  were  lymphocytes 
and  plasma  cells.  Micro-organisms  were  never  found  and  guinea-pigs  injected 
with  it  did  not  develop  tuberculosis.  Its  pressure  was  on  an  average  50  cm. 
of  water.  These  values  were  pretty  regularly  found  in  the  frequent  lumbar 
punctures  which  were  made  for  therapeutic  purposes.  Yon  Pirquet's  reaction 
was  weakly  positive.  The  cell  count  in  the  blood  was  about  normal.  No 
abnormalities  were  detected  in  radiographs  of  the  cranium  and  the  sella 
turcica  was  not  enlarged.  Examination  of  the  labyrinthine  reflexes  by  Barany's 
methods  elicited  strong  reactions  and  the  patient  soon  began  to  vomit.  This, 
added  to  the  rhythmical  convergence  spasm  of  his  eyes,  rendered  examination 
exceedingly  difficult  and  unreliable. 

He  exhibited  no  defects  of  intellect,  though  he  was  emotional  in  a  high 
degree  and  cried  readily.  He  did  not  suft'er  much  from  headaches  and  seldom 
vomited. 

In  coming  to  a  clinical  diagnosis  we  w^ere  influenced  by  the  following 
considerations  :  There  must  exist  a  localized  process  in  the  skull,  the 
nature  of  which  it  was  not  possible  to  determine  with  certainty.  Lues 
could  be  excluded  with  probability,  but  we  could  not  decide  between 
an  inflammatory  process  or  a  tumour.  The  neurological  symptoms 
suggested  that  the  disease  involved  the  corpora  quadrigemina.  The 
following  considerations  led  to  this  conclusion  :  there  was  a  typical  con- 
jugated paralysis  of  upward  and  downward  movement  of  the  eyes  ; 
Argyll-Robertson's  symptom  which  has  been  found  in  quadrigeminal 
tumours  (Kinnier  Wilson  [47],Bruns  [10],  Rorschach  [39]  and  others)  ; 
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light  auditory  disturbances ;   the  general  motor  and  static  unrest  might 
be  regarded  as  a  mild  form  of  the  choreic  and   athetotic  movements 
which  occur  in  quadrigeminal   affections.     The  disturbances  of  equili- 
brium in  standing  and  walking,  and  the  afifection  of  co-ordination  of  the 
more  delicate  movements,  reminded  us  of  the  combination  of  intention 
tremor,  ataxy  and  athetosis  described  by  v.  Oordt  [36].     The  somno- 
lence, which  had  been  present  in  the  beginning  of  the  illness,  and  the 
disturbances  of  speech  also  pointed  in  the  same  direction.     There  were, 
however,  indications  that  the  disease  had  already  extended  caudalwards 
and  ventralwards ;  the  slight  paresis  of  the  face  and  the  involvement  of 
the  root  of  the  trigeminal  nerve  might  be  attributed  to  this.     After  the 
operative  decompression  which  was  performed  later,  the  paresis  of  the 
jaw   disappeared,   hence  I   assumed   that   the   lesion  of  the  trigeminal 
nerve  was  due  to  increased  cerebral  pressure  and  compression  of  the 
ganglion  Gasseri  and  the  third  branch  of  the  nerve  against  the  petrous 
bone,  as  in  the  case  described  by  C.  F.  van  Valkenburg    [46].       In 
addition  to  these  neurological  signs  there  was  a  tendency  to  adiposity 
and  an  exceedingly  small  development  of  the  penis  and  the  testicles, 
that  is  a  type  of  a  dystrophia  adiposo-genitalis  which  was  regarded  as 
secondary  to  distention  of  the  third  ventricle.     Jelliffe  and  White  [28] 
described   the  occurrence  of  dystrophia    adiposo-genitalis    in    cases  of 
hydrocephalus  internus  with  closure  of  the  aquaeductus  Sylvii.     Con- 
sequently the  clinical  diagnosis  was  a  morbid  process  which  destroyed 
the  corpora  quadrigemina. 

It  was  possible  to  confirm  the  diagnosis  after  death,  though  the 
brain  was  removed  under  very  difficult  circumstances.  An  account  of 
the  autopsy  follows. 

After  the  dura  mater  and  the  falx  had  been  removed  from  between 
the  hemispheres  a  tumour  of  the  size  of  an  almond  was  found  at  the 
place  where  the  falx  and  the  two  halves  of  the  tentorium  cerebelli  join. 
This  tumour  had  a  short  stem  on  its  anterior  side  which  was  torn 
through.  No  disease  could  be  detected  in  the  soft  meninges.  The 
cerebral  gyri  were  broad  and  flattened,  and  the  sulci  were  narrow. 
There  was  a  hydrocephalus  internus  with  pronounced  widening  of  the 
lateral  and  the  third  ventricles.  In  the  situation  of  the  epiphysis  and 
the  corpora  quadrigemina  a  tumour  mass  was  found  of  the  size  of  a 
nut,  which  extended  dorsally  and  bent  round  the  splenium  of  the 
corpus  callosum,  presenting  there  a  severed  stem,  which  evidently  was 
connected  with  the  stem  of  the  tumour  removed  with  the  dura.     The 
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upper  pole  of  the  cerebellum  was  flattened  by  the  tumour,  and  the 
thalami  had  been  pressed  aside.  The  tumour  in  the  hard  meninges 
was  fairly  firm,  sharply  separated  from  its  surroundings  and  of  a  regular 
form  ;  that  in  the  position  of  the  epiphysis  on  the  other  hand  was 
loose,  soft,  friable  and  irregular  in  shape.  It  was  connected  with  the 
tela  choroidea.  Though  the  two  tumours  did  not  resemble  each  other 
macroscopically,  and  if  they  had  not  been  clearly  connected  by  a  stem 
one  would  have  been  inclined  to  assume  two  mutually  independent 
growths,  yet  under  the  microscope  all  parts  of  the  growth  appeared  to 
belong  to  the  type  of  epiphysis  tissue  which  is  found  in  young  indi- 
viduals.    In  the  first  place  it  contained  cellular  tissue  septa,  which  in 


Fir.   1. — Photomicrograph  of  the  tumour. 


the  main  mass  were  loose-meshed,  and  in  the  dural  growth  were  thin  and 
compact.  Between  the  septa  lay  irregular  groups  of  polygonal  large 
cells  with  large  pale  nuclei,  and  between  them  groups  of  small  cells, 
poor  in  protoplasm  and  possessing  dark  round  nuclei.  These  latter  cells 
resembled  lymphocytes.  The  microscopical  picture  agreed  entirely 
with  that  of  the  outer  layer  of  the  teratoma  of  the  epiphysis  described 
by  Hymans  van  den  Berg  and  van  Hasselt  ["27],  preparations  of  which 
I  have  been  able  personally  to  examine  through  Dr.  van  Hasselt's 
kindness.  The  rest  of  the  tumour  corresponded  with  the  description 
and  illustration  which  Lowenthal  [30]  gives  of  an  epiphysis  tumour 
examined  by  him.     Lowenthal  regarded  his  tumour  as  an  ''  adenoma 
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maligna."  Though  luacroscopically  the  resemblance  to  Lowenthal's 
specimen  was  very  great,  the  connecting  stem  with  the  falx  cerebri  was 
absent  in  his  case.  I  have  succeeded  in  finding  this  in  one  case  only  in 
the  literature,  i.e.,  in  v.  Frankl  Hochwart's  remarkable  teratoma  [18]. 
The  place  of  attachment  was  there  the  same  as  in  our  case,  viz.,  the 
point  where  tentorium  cerebelli  and  falx  cerebri  meet.  In  v.  Frankl 
Hochwart's  case  there  was,  however,  no  tumour  tissue  between  the 
layers  of  the  dura  mater. 

In  consequence  of  the  difficult  circumstances  attending  the  autopsy 
a  complete  examination  could,  unfortunately,  not  be  performed,  and  the 
other  organs  of  internal  secretion  could  not  be  investigated.  The 
hypophysis  was  not  examined. 

This  case  of  epiphysis  tumour  presented  many  points  of  interest ;  it 
may  be  compared  with  other  cases  recorded  in  literature. 

In  the  first  place  the  movements  of  the  eyeballs  must  be  discussed 
at  more  length.  There  was  a  fairly  regular  rhythmical  convergence, 
consisting  in  a  rapid  phase  of  convergence  and  a  slow  phase  of  diver- 
gence. Professor  Dr.  W.  P.  C.  Zeeman,  who  examined  the  patient, 
was  so  kind  as  to  allow  me  to  see  his  notes.  He  described  the  pheno- 
menon as  "  continual  abrupt  converging  of  the  eyes."  The  deviations 
resembled  those  of  a  nystagmus  of  medium  degree.  The  frequency  of 
the  oscillations  was  smaller  than  those  of  the  nystagmus,  about  one  or 
two  occurring  every  second.  They  were  not  regular  in  rate,  and  were 
Ijest  observed  when  the  patient  looked  straight  in  front  of  him  without 
accurate  fixation ;  on  intentional  focusing  the  movements  continued 
but  were  less  easy  to  see. 

How  should  these  phenomena,  which,  as  far  as  I  know,  have  never 
yet  been  described,  be  interpreted  ?  They  were  undoubtedly  related  to 
the  existing  convergent  strabismus  which  presented  some  peculiar 
characteristics,  for  the  double  images  hardly  changed  their  relative 
positions  when  the  patient  looked  to  the  right  or  the  left,  but  they 
moved  farther  apart  when  the  object  to  be  focused  was  moved  farther 
away. 

Hence  there  was  here  either  spasm  of  convergence  or  paresis  of 
divergence.  It  is  the  more  difficult  to  decide  which  of  the  two  was 
present,  as  ophthalmologists  are  not  agreed  on  the  existence  of  the 
latter.  Straub  [43]  states  that  a  paresis  of  divergence  may  occur ; 
Bielchowski  [8],  on  the  other  hand,  is  of  opinion  that  one  is  never 
justified  in  assuming  the  existence  of  divergence  paresis.  It  may 
however,  be  pointed  out  that  the  spasm  of  convergence,  if  it  existed, 
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was  not  accompanied  by  disturbances  of  accommodation  or  change  in 
the  pupils.  On  the  whole  little  is  found  in  textbooks  of  neurology  on 
spasm  of  the  ocular  muscles.  Hysteria  is  regarded  as  the  most  common 
cause  of  spasm  of  convergence,  but  it  occurs  also  in  meningitis.  Oph- 
thalmologists devote  more  attention  to  it,  and  others  too  lay  stress 
on  its  hysterical  aetiology.  Straub  mentions  cerebral  tumours  and 
abscesses  as  causes  of  paralysis  of  divergence.  Korber's  nystagmus 
retractorius  may  be  mentioned  as  another  form  of  rhythmical  move- 
ment of  the  eyeballs,  which  cannot  be  classed  with  the  more  generally 
known  forms  of  nystagmus,  and  which  possibly  presents  some  relation- 
ship to  the  movements  in  my  case.  This  phenomenon  consists  in  the 
eyeballs  being  rhythmically  drawn  backwards.  Barany  [4]  describes  the 
phenomenon  as  present  in  one  eye  in  a  case  of  a  tumour  of  the  corpora 
quadrigemina.  The  retraction  was  synchronous  with  the  nystagmus  of 
the  other  eye.  Elschnig  [14]  found  nystagmus  retractorius  twice  with 
affections  of  the  aqueduct  of  Sylvius ;  in  these  cases  the  convergence 
increased  somewhat  with  the  rhythmical  retraction  of  the  eyeballs. 

Another  pecuHarity  in  the  eyes  was  the  existence  of  Argyll- 
Robertson's  sign.  Dejerine  [13]  states  in  his  well  known  textbook 
that  the  Argyll-Robertson  phenomenon  combined  with  lymphocytosis  of 
the  cerebrospinal  fluid  is  pathognomonic  of  syphilis.  This  rule  appears, 
however,  not  to  hold  good  in  this  case,  and  accordingly  not  to  be  of 
universal  validity. 

Another  point  of  interest  is  the  nature  of  the  trophic  disturbances. 
These  were  certainly  not  typical  of  an  epiphyseal  tumour ;  the  genitals 
were  small  rather  than  large,  the  growth  of  genital  hair  was  not  exces- 
sive, nor  was  the  amount  of  hair  on  the  body  exceptional.  He  was  also 
rather  small  for  his  years,  and  there  was  no  extraordinary  precocity  in 
his  mental  development.  Why  did  the  syndrome  of  macrogenitosomia 
praecox,  so  typical  of  epiphyseal  tumours,  not  exist  in  our  case  ?  As 
early  as  in  1909  Marburg  [32]  surmised  that  the  pineal  gland  has  an 
internal  secretory  function,  which  normally  inhibits  the  development 
of  the  genital  organs.  This  standpoint  has  been  made  more  plausible 
by  subsequent  clinical  observations,  and  the  animal  experiments  by 
Foa  [19]  point  in  the  same  direction.  He  found  after  the  removal  of 
the  epiphysis  in  cocks  a  hypertrophy  of  the  secondary  sexual  characters. 
Similar  experiments  were  performed  in  mammals  by  Sarteschi  [40] 
with  the  same  result.  Other  investigators,  however,  as  Dandy  [12] 
and  Exner  and  Boese  [15],  could  not  confirm  Sarteschi's  results. 

Askanasy's  theory    [1]  is  opposed  to  the  hypothesis  that  a  distur- 
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bance  of  internal  secretion  is  the  cause  of  the  trophic  disturbances. 
He  takes  the  view  that  the  trophic  disturbances  are  dependent  on  the 
tumour  itself.  He  is  of  opinion  that  all  epiphyseal  tumours  accompanied 
by  hypergenitalism  which  have  been  examined,  consisted  of  embryonic 
tissue;  the  cases  of  Ostreich-Slawyk  [37],  Holzhjiuer  [25],  Goldzieher 
[23]  and  Ogle  [35],  were  not  sarcomata  as  the  authors  erroneously 
assumed,  but  teratomata  or  allied  chorioepitheliomata.  It  is  only  for 
Raymond  and  Claude's  case  of  glioma  [38]  that  Askanazy  cannot 
account.  He  rests  his  theory  on  the  fact  that  teratomata  in  other  parts 
of  the  body  have  occasionally  caused  hypergenitalism.  He  considers 
the  existence  of  a  teratoma  as  a  kind  of  "gestation,"  which  may  give 
rise  to  a  peculiar  development  in  a  boy.  All  things  considered 
Askanasy's  view  does  not  seem  very  plausible,  and  the  fact  that  there 
was  no  teratoma  or  epithelioma  present  in  our  case  does  not  explain  why 
the  syndrome  of  macrogenitosmia  praecox  was  not  present.  I  would 
rather  attribute  the  cause  to  our  patient's  age,  for  though  it  is  certainly 
not  true  that  trophic  disturbances  do  not  appear  after  the  seventh  year 
as  Marburg  assumed,  there  is  an  age  limit  which  seems  to  lie  about 
the  twelfth  year  ;  only  Goldzieher's  case  [23]  is  an  exception. 

The  following  table  records  the  ages  of  the  cases  of  epiphyseal 
tumour  with  macrogenitosomia  praecox,  which  were  anatomically 
confirmed. 


Goldzieher  [23] 

Bailey  and  Jellifle  [3] 

Raymond  et  Claude  [38] 

Takeya  [44] 

Odermatt  [34] 

Boehm  [9] 

Hymans  v.  d.  Berg  en  v.  Hasselt  [27] 

Gutzeit  [24] 

Steiner  und  Johan  [42] 

Ogle  [35] 

V.  Frankl-Hochwart  [18] 
Holzhauer  [25] 
Ostreich-Slawyk  [37] 


16  years,  angioblast  sarcoma 


12 

10 

10 

10 

9 

8 

5 

7 

6 

5 

4 

4 


teratoma 

glioma 

teratoma 

teratoma 

teratoma 

teratoma 

teratoma 

adenoma 

alveolar  sarcoma 

teratoma 

sarcoma 

psammo-sarcoma 


When  we  contrast  with  these  cases  those  of  teratoma  in  which 
macrogenitosomia  did  not  occur,  we  see  that  the  age  was  then  always 
12  years  or  more. 


Gauderer  [21] 
Coats  [11] 
Weigert  [46] 
Falkson  [16] 
Hueter  [26] 
Fukuo  [20] 
Schmincke  [41] 
Neumann  [33] 


12  years 
13 

14 
16 
19 
19 
22 
27 
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It  follows  from  these  facts  that  macrogenitosomia  cannot  be  expected 
to  develop  in  a  boy  of  13  years.  Nevertheless  all  symptoms  of  distur- 
bance of  mternal  secretion  were  not  absent,  for  there  were  unmistakable 
indications  of  dystrophia  adiposo-genitalis.  This  syndrome  occurs  some- 
times with  epiphyseal  tumours  (Jelliffe  and  White)  [28],  But  the 
question  has  not  been  satisfactorily  decided  yet  in  how  far  the  disturb- 
ance of  the  epiphyseal  function  can  cause  adiposity.  It  is  certainly 
not  constantly  associated  with  typical  macrogenitosomia  pr^pcox. 
Falta  [17],  Gushing  and  others,  consider  adiposity  to  be  a  hypophyseal 
phenomenon  which  has  nothing  to  do  with  an  internal  secretion  of  the 
epiphysis.  In  our  case,  where  a  complete  hypophyseal  picture  existed, 
this  view  seems  very  probable,  since  the  hypophysis  would  be  hampered 
in  its  function  by  the  dilatation  of  the  third  ventricle  which  compressed 
the  infundibular  region.  This  interpretation  seems  the  more  plausible, 
since  Frolich's  syndrome  is  also  found  in  cases  of  tuberculosis  of  the 
floor  of  the  third  ventricle,  and  in  a  case  of  injured  infundibulum  with 
intact  hypophysis  Lereboullet,  Mouzon  and  Cathala  [29]  found  the  con- 
dition of  dystrophia  adiposo-genitalis.  It  is  still,  however,  remarkable 
that  as  a  rule  no  adiposity  co-exists  with  ordinary  hydrocephalus,  though 
cases  are  known  in  which  it  did  occur  (Goldstein  [22]).  It  may  be  that 
the  pressure  relations  due  to  a  tumour  of  the  mesencephalon  producing 
closure  of  the  aqueduct  of  Sylvius  and  pressure  on  the  blood-vessels  of  the 
choroid  plexus,  is  different  from  those  of  an  ordinary  hydrocephalus. 
These  views  are  in  conflict  with  Marburg's  hypothesis,  which  attributes 
the  adiposity  to  hyperpinealism.  Marburg's  theory,  however,  does  not 
seem  probable  since  it  is  hardly  possible  to  assign  a  specific  hyper- 
function  to  the  glioma  that  existed  in  Kaymond  and  Claude's  case. 

Summarizing  the  special  features  which  this  adenoma  of  the 
epiphysis  presented,  we  see  : — 

(1)  There  was  rhythmical  spasm  of  convergence. 

(2)  There  was  Argyll-Robertson's  sign  with  lymphocytosis  of  the 
cerebrospinal  fluid,  not  due  to  cerebrospinal  syphilis. 

(3)  The  disturbances  of  internal  secretion  were  the  same  as  those 
found  with  dystrophia  adiposo-genitalis. 

(4)  The  tumour  consisted  of  two  parts  connected  by  means  of 
connective  tissue,  one  part  lying  in  the  situation  of  the  epiphysis,  the 
other  part  between  the  folds  of  the  dura  mater  where  the  falx  cerebri 
and  the  tentorium  cerebelli  meet. 
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THE  INFLUENCE  OF  THE  CEKEBKUM  AND  CEEEBELLUM 
ON  EXTENSOK  RIGIDITY. 

BY  W.   P.  WARNER  (M.B.TOR.)  AND  J.  M.  D.  OLMSTED  (M.A.OXON., 

PH.D.HARVARD). 

{From  the  Physiological  Laboratory,  University  of  Toronto.) 

Introduction. 

The  condition  of  decerebrate  rigidity  which  manifests  itself  as  a 
prolonged  and  enduring  contraction  of  the  extensor  muscles,  especially 
those  which  oppose  the  action  of  gravity  when  the  animal  is  standing, 
was  shown  by  Sherrington  [7]  to  result  from  decerebration  at  the 
level  of  the  mid-brain.  It  is  readily  produced  experimentally  in  the 
higher  mammals,  cat,  monkey,  &c.,  by  the  ablation  of  the  cerebral 
hemispheres.  Sherrington  found  that  if  he  removed  only  one  hemi- 
sphere the'rigidity  appeared  to  be  rather  inconstant  in  its  production 
and  non-persistent,  but  was  perhaps  more  marked  on  the  ipsilateral 
side.  He  further  showed  [8]  that  decerebrate  rigidity  is  abolished 
when  the  continuity  of  the  proprioceptive  reflex  arcs  is  interrupted. 
The  afferent  path  of  these  reflex  impulses  ascend  to  the  brain  by  way 
of  Gowers',  or  the  ventral  spino-cerebellar  tract,  and  not  by  the  dorsal 
columns,  since  the  rigidity  is  unaffected  by  cutting  the  latter.  The 
efferent  impulses  do  not  pass  by  way  of  the  pyramidal  tracts,  but 
appear  to  descend  in  the  cord  by  some  tract  originating  in  the  region 
of  the  red  nucleus.  Sherrington  [10]  considered  that  the  cerebellum 
was  not  an  essential  link  in  the  production  of  decerebrate  rigidity, 
since  this  condition  often  remained  after  the  removal  of  the  cerebellum. 

Thiele  [11]  attempted  a  further  analysis  with  the  idea  of  discover- 
ing the  tracts,  centres  and  place  of  origin  in  the  brain  of  the  impulses 
leading  to  decerebrate  rigidity.  He  came  to  the  conclusion  that  this 
condition  is  not  due  to  the  removal  of  the  cortical  influence,  but  of  a 
thalamic  one  ;  and  furthermore,  that  this  thalamic  influence  is  trans- 
mitted along  a  tract  which  decussates  high  up  in  the  mesencephalon.  The 
result  of  cutting  this  tract  ^ar  forwards,  therefore,  is  rigidity  on  the 
opposite  side  of  the  body,  while  a  section  posterior  to  the  anterior  corpora 
quadrigemina  gives  ipsilateral  rigidity  accompanied   by  slight  contra- 
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lateral  rigidity.  Thiele  found  that  the  cerebellum  exerted  an  influence 
on  decerebrate  rigidity,  since  extensor  rigidity  appeared  after  each  of  the 
following  operations :  removal  of  the  tentorium,  division  of  the  vermis, 
unilateral  ablation  of  the  cerebellar  cortex.  Rigidity  could  be  abolished 
by  destroying  the  dentate  nucleus  or  by  cutting  the  trapezal  fibres  in 
the  pons.  The  results  of  his  experiments  led  him  to  express  the  view 
that  there  are  two  antagonistic  forces  acting  on  the  ventral  horn  cells 
of  the  cord  :  one  from  the  thalamus  exercising  an  inhibitory  influence 
upon  the  contralateral  side,  the  other  from  Deiters'  nucleus  exercising 
an  augmenting  influence  ;  an  indirect  control  may  be  maintained  by 
the  cerebellar  cortex,  since  it  exerts  an  inhibitory  influence  on  Deiters' 
nucleus. 

Weed  [12]  concluded  from  his  experiments  that  the  main  centre  and 
the  source  of  decerebrate  rigidity  lay  in  the  red  nucleus  in  the  mid- 
brain. The  work  of  Magnus  [3]  and  Bazett  and  Penfield  [1],  how- 
ever, has  proved  that  the  red  nucleus  is  not  the  centre  for  decerebrate 
rigidity,  since  rigidity  persists  after  transection  of  the  brain-stem 
posterior  to  this  nucleus.  Bazett  and  Penfield  locate  the  centre  for 
decerebrate  rigidity  at  the  level  of  Deiters'  nucleus. 

According  to  Weed  there  are  two  inhibitory  influences  acting  on 
the  dentate  nucleus,  one  from  the  cerebellar  cortex,  as  Thiele,  and 
more  recently  Miller  and  Banting  [5],  have  shown,  the  other  from  the 
cerebrum.  The  course  of  this  latter  tract  was  shown  definitely  to  lie 
in  the  mesial  anterior  fraction  of  the  internal  capsule  above  the 
thalamus,  and  in  the  mesial  fraction  of  the  crura  cerebri.  Thus  the 
inhibitory  pathway  cannot  originate  in  the  thalamus  as  Thiele  had 
supposed,  but  it  apparently  arises  from  the  cerebral  cortex.  Weed 
demonstrated  that  it  runs  caudad  in  the  mesial  part  of  the  internal 
capsule,  and  inferred  that  its  fibres  ended  in  the  pontile  nuclei.  The 
tract  passes  eventually  to  the  cortex  of  the  cerebellum  by  way  of 
the  contralateral  middle  cerebellar  peduncle.  Sherrington  [9]  had 
suggested  such  a  tract  earlier. 

The  apparently  contradictory  results — namely,  that  in  one  case 
ipsilateral  and  in  the  other  contralateral  rigidity  was  produced  by 
unilateral  cerebral  ablation — Thiele  explained  by  the  difi"erence  in 
level  of  the  section,  ipsilateral  rigidity  resulting  if  it  were  at  a  high 
level  and  contralateral  rigidity  if  at  a  low  level.  Weed,  on  the  contrary, 
found  that  ipsilateral  rigidity  resulted  no  matter  at  what  level  the 
section  was  made. 

Our  object  in  this  investigation  was  the  discovery,  if  possible,  of  the 
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exact  location  of  the  inhibitory  pathway,  and  the  effects  produced  by  its 
destruction  at  various  levels. 


Experimental  Kesults. 

(1)  Technique. — All  our  experiments  v^ere  performed  on  cats,  and 
no  experiments  reported  here  were  survival  experiments,  i.e.,  the 
results  were  obtained  within  twenty- four  hours  after  the  first 
operation. 

The  animals  were  deeply  anaesthetized  and  a  tracheal  cannula 
inserted,  after  which  anaesthesia  could  be  continued,  or  artificial  respira- 
tion given.  In  the  first  few  experiments  the  carotid  arteries  were  tied 
previous  to  any  operation  on  the  skull.  This  practice  was  soon  dis- 
continued because  it  was  found  that  in  certain  animals  the  mere  inter- 
ference in  this  manner  with  the  blood  supply  to  the  brain  produced  a 
marked  degree  of  extensor  spasm. 

In  disclosing  the  brain  an  ordinary  trephine,  f  in.  in  diameter,  was 
used.  Haemorrhage  was  controlled  by  the  application  of  wax  to  the  cut 
edges  of  the  bone,  and  of  hot  saline  packs  over  the  whole  area  of  opera- 
tion. No  serious  haemorrhage  was  encountered  in  a  series  of  forty 
animals,  so  that  any  lack  of  extensor  rigidity  was  never  caused  by  an 
enfeebled  condition  consequent  upon  the  loss  of  blood.  The  brain 
could  be  kept  in  an  excitable  condition  only  by  the  continued  applica- 
tion of  warm  saline  sponges.  This  procedure  was  found  to  be  most 
important,  for  unless  the  circulation  in  the  choroid  plexus  remained 
good,  the  cerebral  cortex  quickly  became  inexcitable  (cf.  Miller  and 
Banting). 

There  are  several  other  factors  besides  the  tying  of  the  carotids 
which  have  an  eftect  on  extensor  muscle  tone.  Chief  among  these  is  the 
position  in  which  the  animal  is  lying,  especially  the  relation  of  the  head 
and  neck  to  the  rest  of  the  body  (Magnus  and  Kleijn  [4] ,  also  Bazett 
and  Penfield,  p.  197).  If  the  animal  is  lying  on  its  side  with  its  head 
raised,  the  limbs  on  the  side  of  the  body  in  contact  with  the  table 
normally  exhibit  a  greater  degree  of  rigidity  than  those  on  the  other 
side.  This  effect  can  be  readily  demonstrated  by  testing  the  rigidity  of 
the  front  or  hind  limbs  of  a  decerebrate  cat  lying  on  its  left  side.  The 
left  fore  and  hind  limbs  will  exhibit  greater  extensor  rigidity  than  the 
right  ones.  But  upon  turning  the  animal  over  on  its  right  side  the 
right  limbs  become  at  once  the  more  rigid.  Therefore  when  a  test  of 
the  degree  of  rigidity  was  being  made  in  an  experiment  the  animal  was 
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suspended  on  its  abdomen  in  a  trough  and  the  position  of  the  limbs 
noted  as  they  hung  freely  in  the  air,  or  still  better  a  comparison  was 
made  of  the  force  necessary  to  bend  the  right  and  left  legs  at  the  knee 
or  elbow  when  the  animal  was  suspended  in  the  trough  or  lying  flat  on 
its  back.  In  the  latter  case  a  spring  balance  was  sometimes  used  to 
register  the  number  of  pounds  of  pressure  necessary  to  cause  bending  of 
the  limb.  This  varied  from  a  few  ounces  to  3^  lb.,  depending  on  the 
state  of  extensor  tone.  Ether  anaesthesia  also  profoundly  affects  muscle 
tone.  If  the  animal  is  lightly  etherized  it  shows  marked  extensor 
rigidity  very  similar  to,  if  not  identical  with,  decerebrate  rigidity. 
Ether  rigidity,  however,  is  always  bilateral  and  is  fairly  transient, 
probably  due  to  inability  to  maintain  a  constant  degree  of  anaesthesia ; 
also  it  is  often  interrupted  by  clonic  movements.  Sometimes  ether 
rigidity  was  purposely  induced  for  experimental  reasons,  but  when  such 
a  condition  might  obscure  rigidities  of  other  origin,  the  animal  was 
allowed  to  come  completely  out  of  anaesthesia  before  the  rigidity  was 
tested,  or  the  anaesthesia  was  deepened  until  the  ether  effect  had  dis- 
appeared, but  rigidity  due  to  nervous  lesions  persisted. 

In  cutting  parts  of  the  cerebrum,  the  cerebellum,  or  their  peduncles, 
a  very  sharp  scalpel  was  used,  but  if  the  incision  had  to  go  far  into  the 
cranium  and  there  was  danger  of  injury  to  the  venous  sinuses,  a  blunt 
instrument  was  employed. 

For  cortical  or  nerve  tract  stimulation  a  unipolar  stigmatic  electrode 
was  used.  A  large  zinc  plate  applied  to  the  back  of  the  animal  and 
covered  with  gauze  moistened  with  saline  served  as  the  other  pole.  The 
source  of  stimulation  was  an  interrupted  current  from  an  inductorium. 
The  strength  of  the  current  was  not  measured,  but  it  was  just  strong 
enough  to  cause  contraction  of  the  scalp  or  jaw  muscles  when  applied 
directly  to  them.  When  the  cortex  or  cut  surface  of  the  brain  was  dry 
the  effect  of  the  stimulus  could  be  noted  almost  immediately,  but  if  there 
was  haemorrhage  five  to  fifteen  seconds  often  elapsed  before  stimulation 
became  effective.  No  currents  strong  enough  to  spread  to  the  jaw,  scalp 
or  neck  muscles  were  used. 

<2)  Influence  of  cerehrum. — These  experiments  were  undertaken 
with  the  object  of  ascertaining  the  effect  of  high  and  low  section  of  one 
cerebral  hemisphere,  and  of  tracing  to  the  cortex,  if  possible,  the 
inhibitory  tract  found  by  "Weed  in  the  mesial  part  of  the  internal 
capsule.  The  first  experiments  to  be  described  are  those  which  resulted 
in  the  production  of  extensor  rigidity. 

In  some  fifteen  cats  marked  contralateral  extensor  rigidity  of  fore 
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and  hind  legs  followed  the  ablation  of  the  whole  of  one  cerebral  cortex 
anterior  to  the  optic  thalamus.  (The  results  obtained  are  similar  to 
those  described  in  Cat  53.)  The  rigidity  was  quite  persistent  both  during 
anaesthesia  and  also  when  the  animal  was  fully  out,  except  during  the 
mimetic  walking  movements  which  always  occur  at  frequent  intervals 
after  this  operation.  The  thalamus  in  these  cats  was  still  intact,  and 
although  mimetic  movements  may  possibly  originate  from  lower 
segments,  they  never  persist  unless  the  thalamus  remains.  The  ipsi- 
lateral  side  often  showed  some  slight  increase  in  extensor  tone,  but  this 
was  inconstant  and  not  marked.  No  rigidity  of  the  neck  or  tail  was 
noted  under  these  conditions. 

Further  section  caudad  by  successive  slices  through  the  thalamus 
did  not  increase  the  rigidity,  but  in  one  cat  section  of  one  cerebral  hemi- 
sphere just  below  the  level  of  the  anterior  corpora  quadrigemina 
produced  ipsilateral  rigidity  with  very  slight  increase  in  tone  on  the 
contralateral  side.  The  rigidity  thus  produced  was  similar  in  character 
to  that  produced  by  high  cerebral  ablation,  in  that  it  was  not  as  constant 
or  marked  as  the  rigidity  produced  by  removal  of  both  cerebral  hemi- 
spheres, but  differed  in  that  it  was  chiefly  ipsilateral.  This  bears  out 
Thiele's  statement  that  the  question  whether  ipsi-  or  contralateral 
rigidity  shall  result  after  removal  of  one  cerebral  hemisphere  depends 
upon  the  level  at  which  the  cut  is  made. 

Cat  58. — 9.30  a.m.  anaesthetized.  Trephined  over  left  occipital  lobe.  Cut 
down  through  left  cerebral  hemisphere  just  posterior  to  anterior  corpora 
quadrigemina  to  base  of  the  skull.  Did  not  remove  this  part  of  brain,  but  left 
it  inside  skull.     Ether  discontinued. 

10.15  a.m. :  Cat  raises  head.  Eigidity  on  both  sides,  but  much  more 
marked  on  left  side  in  both  front  and  hind  limbs. 

10.20  :  Claws  with  left  front  leg  violently.  Left  front  leg  tlien  becomes  very 
rigid.     Both  front  legs  now  become  tlaccid. 

10.24  :  Eigidity  returned  in  all  four  legs.  Left  legs  more  rigid  than  right. 
Cat  raises  itself  otf  the  table. 

10.40  :  Suspended  in  trough.  Left  legs  more  rigid  than  right,  and  more 
difficult  to  pull  out  when  forced  into  position  of  flexion,  i.e.,  some  spasticity  on 
left  side. 

10.45  :  Ether  given  again. 

The  motor  area  in  the  cerebral  cortex  in  several  cats  was  mapped  out 
by  unipolar  stimulation,  and  it  was  found  to  correspond  very  exactly  with 
the  area  described  by  Campbell  [2],  i.e.,  the  region  surrounding  the 
sulcus  cruciatus  (fig.  1).  Definite  flexor  and  rarely  extensor  movements 
of  the  contralateral  limbs  could  be  elicited.     Stimulation  of  the  cortex 
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just  ventral  to  the  sulcus  elicited  flexion  of  the  opposite  fore  leg.  Slightly 
more  lateral  stimulation  elicited  flexion  of  toes  of  opposite  fore  leg  ;  still 
more  lateral  elicited  flexion  of  opposite  hind  leg  ;  stimulation  above  the 
sulcus  gave  extension  of  the  opposite  fore  leg.  When  the  motor  area  was 
cut  away  to  a  depth  of  5  mm.  below  the  surface  on  one  side,  there  was 
no  increase  in  extensor  tone  on  either  side  of  the  body.  If,  however,  the 
frontal  area  which  lies  ventral  and  slightly  medial  to  the  motor  area  was 
also  removed,  definite  rigidity  developed  at  once  in  the  contralateral  fore 
and  hind  legs. 


Fig.  1. — Photograph  of  brain  of  cat  No.  5G.     S.C,  Sulcus  cruciatus ;   F,  Frontal 
lobe  ;  ]\I.A.,  Motor  area. 

Cat  55. — Anaesthetized.  Trephined  over  left  motor  area  ;  tested  surface  of 
motor  area,  and  it  gave  flexion  of  right  leg.  Part  of  left  motor  area  now 
removed.  Cat  out  of  ether  and  no  rigidity  in  either  front  or  hind  legs. 
Etherized  and  made  a  second  cut  to  mid-line  on  left  side,  removing  all  of  motor 
area.  Cat  out  of  ether.  No  rigidity  developed.  Frontal  area  found  to  be 
still  intact.  Anaesthetized,  and  a  third  deep  slice  made  on  left  side.  Decere- 
brate rigidity  at  once  on  right  side.  Frontal  area  found  to  be  removed. 
Stimulated  cut  surface  of  motor  area,  flexion  of  right  hind  leg. 

If  the  frontal  area  alone  was  removed,  contralateral  rigidity  resulted, 
even  though  the  motor  area,  as  shown  by  stimulation,  was  still  intact- 
The  rigidity  resulting  from  removal  of  frontal  areas  may  be  masked  by 
the  voluntary  movements  which  are  possible  because  of  the  presence  of 
the  motor  area  ;  deep  anaesthesia  does  away  with  these  movements  and 
leaves  the  extensor  rigidity  evident. 

Cat  53. — 10.20  :  Anaesthetized  deeply.  Trephined  on  left  side.  No  rigidity 
as  result  of  trephining. 
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10.35 :  stimulated  cortex  near  sulcus  cruciatus,  contralateral  fore  foot 
flexed. 

10.37  :  Cut  through  anterior  part  of  left  frontal  lobe.  Rigidity  at  once  in 
right  fore  limb  and  to  a  less  degree  in  right  hind  limb. 

10.50 :  Motor  cortex  responds  to  stimulation  ;  also  mimetic  movements 
with  all  four  feet  occun-ed,  because  animal  is  coming  out  of  ether. 

10.51 :  Both  fore  legs  now  rigid,  ether  rigidity.  Stimulated  cut  surface  of 
left  frontal  lobe,  right  fore  leg  immediately  goes  limp,  not  flexed.  Left  leg 
unchanged  in  rigidity,  motor  cortex  still  excitable.  Nearly  a  minute  necessary 
to  restore  rigidity  in  right  leg-  Ether  discontinued.  Cat  out  of  ether.  All 
four  legs  move  actively. 

11.9 :  Etherized  until  ether  rigidity  developed  again.  Stimulated  cut 
surface  of  left  frontal  lobe.     At  once  rigidity  disappears  from  right  fore  leg. 

11.10:  Motor  cortex  excitable.    Ether  discontinued. 

11.12:  No  rigidity  when  out  of  ether.  All  four  legs  capable  of  voluntary 
movement.     Observations  repeated  in  the  next  few  minutes. 

Extensor  rigidity  therefore  appears  after  operations  on  the  cerebral 
cortex  only  if  the  frontal  area  has  been  injured. 

The  results  of  our  experiments  on  modifying  the  degree  of  rigidity, 
once  it  has  been  produced,  are  as  follows :  If  extensor  regidity  had  been 
produced  by  removing  both  cerebral  hemispheres  just  posterior  to  the 
anterior  corpora  quadrigemina,  stimulation  of  the  cut  brain-stem  on 
the  one  side  produced  an  immediate  cessation  of  rigidity  on  the 
ipsilateral  side.  But  if  rigidity  had  been  produced  by  removing  both 
cerebral  hemispheres  anterior  to  the  anterior  corpora  quadrigemina, 
stimulation  of  one  cerebral  peduncle  was  found  to  give  two  distinct 
effects.  If  the  stimulating  electrode  was  placed  on  the  lateral  side  of 
the  peduncle,  movements  of  the  contralateral  limbs  were  produced, 
i.e.,  the  pyramidal  tracts  were  evidently  stimulated.  These  movements 
consisted  ife  vigorous  flexions,  or  sometimes  rhythmic  extension  and 
flexion.  If,  however,  the  electrode  was  placed  on  the  mesial  side  of  the 
peduncle  no  movements  occurred,  but  on  the  contralateral  side  the 
extensor  rigidity  immediately  disappeared.  At  first  it  was  thought  that 
this  disappearance  of  extensor  rigidity  resulted  as  an  act  of  flexion,  but 
this  was  not  the  case,  as  this  limb  merely  went  limp,  and  all  the  muscles 
became  flaccid.  The  limpness  remained  for  5  to  10  seconds  after 
removal  of  the  stimulus  before  the  muscles  regained  their  former 
extensor  tone. 

When  one  cerebral  hemisphere  had  been  cut  away  above  the  thalamus 
and  contralateral  rigidity  was  therefore  present,  stimulation  of  the  outer 
part  of  the  internal  capsule  elicited  movements  of  flexion  and  extension  in 
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both  fore  and  hind  limbs  on  the  contrahiteral  side.  If,  however,  the  mesial 
part  of  the  anterior  hmb  of  the  internal  capsule  was  stimulated,  the 
contralateral  fore  and  hind  limbs  became  limp,  returning  to  their  former 
state  of  rigidity  shortly  after  the  stimulus  was  removed.  Similarly  if 
the  motor  and  frontal  areas  of  the  cerebral  cortex  on  one  side  were 
removed,  points  were  found  on  the  more  posterior  parts  of  the  cut  surface 
which  gave  contralateral  movements,  and  on  the  more  anterior  and 
mesial  parts,  a  point  which  invariably  gave  inhibition  of  contralateral 
rigidity.  And  finally,  if  the  frontal  area  alone  was  removed,  the  motor 
area  being  left  intact  as  proven  by  stimulation,  the  rigidity  on  the  con- 
tralateral side  immediately  disappeared  upon  stimulation  of  the  cut 
surface  (see  Cat  53).  Although  the  motor  and  frontal  areas  are  close 
together  there  was  no  spread  of  current,  since  the  effects  of  stimulating 
the  two  areas  were  strikingly  different,  in  one  case  active,  forceful 
flexion  or  strong  rhythmic  movements,  and  in  the  other  passive 
flaccidity. 

The  extensor  rigidity  caused  by  light  ether  anaesthesia  was  used 
to  demonstrate  the  inhibitory  function  of  the  cortex  of  the  frontal  lobe . 
Here  also  it  was  found  that  the  rigidity  in  the  contralateral  side 
immediately  disappeared  upon  stimulation  of  one  frontal  cortex  (see 
Cat  53). 

(3)  The  influence  of  the  cerebellmn. — In  the  course  of  our  experiments 
we  investigated  the  relation  of  the  frontal  inhibitory  tract  to  the 
cerebellum,  and  we  were  able  to  confirm  the  following  observations 
made  by  other  investigators.  (1)  Injury  to  the  cellebellar  cortex 
causes  ipsilateral  rigidity  (Sherrington,  &c.)  ;  (2)  removal  of  the 
tentorium  on  one  side  produces  ipsilateral  rigidity  (Thiele),  probably 
through  mjury  to  the  cerebellar  cortex ;  (3)  if  extensor  rigidity  is 
present,  removal  of  one  half  of  the  cerebellum,  or  injury  to  one 
dentate  nucleus,  causes  rigidity  to  disappear  from  the  ipsilateral  side 
(^Yeed)  ;  (4)  stimulation  of  the  anterior  surface  of  vermis  gives  an 
immediate  and  general  relaxation  of  rigidity  (Sherrington,  Miller  and 
Banting,  &c.).  We  also  found  that  if  successive  sections  were  made 
through  the  mesencephalon  in  a  caudad  direction  extensor  rigidity 
suddenly  disappeared  when  the  region  of  the  posterior  corpora  quadri- 
gemina  was  reached.  Histological  sections  taken  from  the  various 
levels  showed  that  rigidity  had  disappeared  when  the  cut  passed  through 
the  pontine  nuclei  posterior  to  the  red  nuclei. 

Although  the  cerebellum  does  not  appear  to  be  absolutely  essential 
for  production  and  maintenance  of  decerebrate  rigidity,  since  Magnus 


THE    INFLUENCE    OF   THE    CEBEBRIJM   ON    EXTENSOR   RIGIDITY      197 

[3]  and  others  have  confirmed  Sherrington's  observation  that  the  decere- 
brate rigidity  may  appear  after  total  removal  of  the  cerebellum,  yet  the 
influence  of  this  organ  on  decerebrate  rigidity  is  most  pronounced,  as 
shown  by  the  results  given  in  the  preceding  paragraph.  It  seemed 
probable,  therefore,  that  the  inhibitory  path  from  the  frontal  lobe  might 
be  connected  with  the  cerebellum.  The  relationship  is  shown  in  the 
following  experiments  :  Rigidity  was  produced  on  one  side,  e.g.,  the 
right,  by  removal  of  the  left  cerebral  cortex  above  the  thalamus. 
The  cerebellum  was  exposed  without  injury  to  the  tentorium  and  enough 
of  the  skull  removed  to  make  the  right  middle  cerebellar  peduncle 
accessible.  The  inhibitory  tract  was  then  stimulated  and  the  rigidity 
in  the  right  fore  limb  at  once  disappeared.  This  was  repeated  several 
times,  so  that  there  was  no  doubt  that  the  stimulating  electrode  was 
applied  to  the  proper  place.  The  position  of  the  electrode  was  kept  un- 
altered and  the  right  middle  cerebellar  peduncle  was  quickly  severed. 
The  inhibitory  tract  was  at  once  stimulated  as  before,  but  there  was  no 
effect  on  the  rigidity.  This  experiment  was  repeated  on  another  cat 
with  the  same  result.  The  inhibitory  tract  was  interrupted  by  cutting 
the  middle  cerebellar  peduncle  on  the  side  showing  decerebrate  rigidity. 
Section  of  the  peduncle  on  the  opposite  side  did  not  interfere  with  the 
action  of  the  inhibitory  tract. 

Further  proof  that  the  inhibitory  tract  passes  through  the  middle 
cerebellar  peduncle  is  shown  in  the  following  experiment.  The 
cerebellum  was  carefully  exposed  in  an  etherized  cat  and  the  middle 
cerebellar  peduncle  alone  was  cut.  The  animal  at  once  showed  ipsilateral 
rigidity  exactly  similar  to  that  produced  by  unilateral  cerebral  ablation. 
Deep  anaesthesia  was  necessary  since  the  cat's  voluntary  movements 
when  it  came  out  of  ether  made  impossible  the  detection  of  increased 
extensor  tone.  We  did  not  experiment  with  the  superior  and  inferior 
cerebellar  peduncles  since  Weed  had  already  shown  that  the  tracts 
which  run  through  them  do  not  contain  fibres  which  upon  stimulation 
inhibit  decerebrate  rigidity. 

Summary  of  Experimental  Results. 

(1)  Production  of  decerebrate  rigidity. — Ablation  of  the  motor 
cortex  of  the  cerebral  hemispheres  did  not  result  in  the  condition  of 
extensor  rigidity.  Rigidity  occurred  only  if  the  frontal  areas  were 
destroyed.  If  one  frontal  area  was  removed,  or  the  cerebral  hemisphere 
cut  so  that  the  fibres  arising  from  the  frontal  lobe  and  running  in 
the  internal  capsule  were  interrupted  anywhere  in  their  course  down  to 
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about  the  level  of  the  anterior  corpora  quadrigemina,  contralateral 
rigidity  resulted  with  slight  ipsilateral  rigidity.  Successive  sections 
through  the  entire  hemisphere  did  not  appear  to  increase  the  degree  of 
rigidity  resulting  after  destruction  of  the  frontal  area,  but  the  rigidity 
disappeared  when  the  section  passed  through  the  posterior  corpora 
quadrigemina.  Hemisection  of  the  brain-stem  posterior  to  the  anterior 
corpora  quadrigemina  produced  mainly  ipsilateral  rigidity,  though  contra- 
lateral rigidity  was  also  present,  but  to  a  less  degree. 

(2)  Inhibition  of  extensor  tone. — Extensor  rigidity  could  be  inhibited 
by  stimulating  at  the  following  points:  (1)  the  cut  surface  of  the  frontal 
lobe  ;  (2)  the  mesial  side  of  the  anterior  limb  of  the  internal  capsule ; 
(3)  the  mesial  side  of  the  cerebral  peduncle  ;  (4)  the  brain-stem  just 
posterior  to  the  anterior  corpora  quadrigemina.  In  the  first  three  cases 
inhibition  of  rigidity  appeared  on  the  contralateral  side,  in  the  fourth 
case  on  the  ipsilateral  side.  If  extensor  rigidity  was  present,  cutting  the 
middle  cereljellar  peduncle  abolished  the  possibility  of  inhibiting  the 
rigidity  by  stimulating  at  points  (1)  and  (2)  on  the  opposite  side  to  that 
on  which  the  peduncle  was  cut. 

Ether  rigidity  could  be  inhibited  by  stimulating  the  intact  frontal 
area  on  the  mesial  side  of  the  anterior  limb  of  the  internal  capsule.  The 
effect  was  contralateral. 

The  experimental  evidence,  therefore,  shows  that  there  are  tracts  in 
the  brain  of  the  cat  carrying  impulses  which  tend  to  inhibit  tonic 
extensor  activity,  and  that  decerebrate  rigidity  results  when  the  influence 
of  the  tracts  is  cut  off.  The  tracts  have  their  origin  in  the  frontal  lobes 
of  the  cerebral  hemispheres.  It  is  to  be  noted  that  the  tract  on  one 
side  of  the  brain  does  not  govern  one  side  of  the  body  exclusively,  since 
there  is  an  increase  in  tone  on  both  sides  of  the  body  after  removal  of 
one  frontal  area,  but  the  effect  is  predominant  on  the  contralateral 
musculature.  From  the  frontal  lobe  the  tract  passes  through  the  mesial 
part  of  the  internal  capsule  and  extends  caudad  past  the  level  of  the 
anterior  corpora  quadrigemina.  It  then,  in  the  greater  part  at  least, 
crosses  to  the  other  side  of  the  brain-stem  to  enter  the  cerebellum  by 
way  of  the  middle  cerebellar  peduncle.  The  tract  thus  marked  out 
experimentally  agrees  in  general  with  the  so-called  "  cortico-ponto- 
cerebellar  "  path  (Ranson,  [6],  p.  325). 
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THE  SENSOKY  ACTIVITIES  OF  THE  SKIN  FOE  TOUCH 
AND  TEMPEKATUKE. 

BY  DAVID  WATERSTON. 

{From  the  St.  Andrews  Institute  for  Clinical  Research,  and  the  Department  of  Anatomy, 

St.  Andrews  University.) 

It  is  a  well-known  physiological  observation,  that  if  the  end  of  a 
slender  metal  rod,  cooled  or  warmed  to  a  suitable  temperature,  be 
applied  lightly  to  the  surface  of  the  skin,  a  sensation  of  cold  or  of 
warmth  is  not  produced  at  all  points  of  the  surface,  but  only  when  the 
point  comes  into  contact  with  isolated  areas,  usually  of  small  size. 
From  the  surface  between  these  points  a  punctate  cold  or  warm 
stimulus  produces  no  sensation  of  temperature,  and  touch  alone  is 
felt.  The  responsive  areas  or  points  are  known  as  cold  and  as  hot  spots 
respectively. 

Similarly,  if  the  surface  of  the  skin  be  carefully  examined  with  a  fine 
bristle,  pressed  lightly  to  elicit  the  sensation  of  touch,  or  with  a  firmer 
bristle,  pressed  more  firmly  so  as  to  produce  pain,  the  sensation  of  pain 
and  of  touch  are  not  felt  equally  everywhere  but  are  especially  elicited 
at  small  spots  termed  touch  and  pain  spots. 

Based  upon  such  observations,  the  current  view  of  cutaneous  sensa- 
tion regards  the  surface  of  the  skin  as  "  a  mosaic  of  tiny  sensorial 
areas  each  sensitive  to  a  specific  stimulus,  and  the  range  of  ascertained 
sensitiveness  includes  the  sensation  of  touch,  pain,  cold  and  warmth  " 
(Sherrington  [7]). 

The  discovery  by  Blix  [1],  corroborated  independently  by  Gold- 
scheider  [3] ,  of  this  punctate  distribution^of  thermal  sensibility  was  by 
these  writers  regarded  as  an  illustration  of  Johannes  Miiller's  law  of 
the  specific  energy  of  nerve  fibres  applied  to  cutaneous  sensation,  and 
led  to  the  belief  in  the  existence  in  the  skin  and  subcutaneous  tissues 
of  specific  structural  mechanisms,  each  subserving  one  or  other  form  of 
sensibility,  whether  of  touch,  in  the  form  of  Paccinian  and  Meissner's 
corpuscles,  or  of  cold  or  warmth,  for  which  other  forms  of  end-organs 
have  been  stated  to  act  as  receptors. 

The  theory  of  special  end-organs  implied  also  the  existence  of  special 
nerve  fibres  connected  with  them,  and  the  present  view  of  cutaneous 
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sensation  postulates  the  existence  of  pain  fibres,  of  touch  fibres,  and  of 
warm  and  cold  fibres,  passing  from  the  special  end-organs  to  the  central 
nervous  system. 

Sections  have  been  made  and  examined  microscopically  of  such  spots, 
or  fragments  of  skin  v^^hich  were  known  to  be  sensitive  to  special 
stimuli,  but  such  search  has  hitherto  failed  to  demonstrate  the  presence 
at  such  spots  of  specific  end-organs. 

The  cases  of  the  loss  of  one  or  other  of  these  forms  of  sensibility 
occasionally  found  in  various  regions  of  the  body  in  syringomyelia  and 
some  other  spinal  conditions,  such  as  a  loss  of  temperature  sensation, 
the  loss  of  touch,  or  of  pain,  afforded  apparent  corroboration  of  the  exist- 
ence of  these  separate  systems. 

Head  and  Kivers'  [4]  observations  upon  the  loss  of  sensation  follow- 
ing division  of  a  cutaneous  nerve  and  during  its  restoration,  showed  that 
after  such  an  injury  all  forms  of  sensation  are  not  equally  lost  and  are 
not  uniformly  restored.  Their  observations  led  Head  and  Kivers  to  put 
forward  their  theory  of  a  dual  mechanism  of  cutaneous  sensation,  the 
epicritic  and  the  protopathic,  each  subserving  certain  forms  of  sensation 
and  with  special  receptor  organs  and  fibres  for  different  forms  of 
sensation. 

They  deny,  however,  the  existence  of  a  punctate  mechanism  for  all 
forms  of  sensation,  for  in  writing  of  temperature  sensation  they  state  that 
"  in  the  normal  skin  the  hot  and  cold  spots  are  nothing  more  than 
minute  areas  peculiarly  sensitive  to  either  heat  or  cold,  set  in  a  territory 
over  which  temperature  stimuli  can  also  be  appreciated." 

The  existence  of  special  receptors  and  special  nerve  fibres  for  each 
of  the  classical  varieties  of  cutaneous  sensation,  touch,  pain,  heat  and 
cold,  cannot  be  considered  to  be  proved,  and  indeed  there  are  manv 
features  of  sensation  which  throw  doubt  upon  the  existence  of  such 
a  mechanism. 

In  a  prolonged  series  of  observations  undertaken  at  the  suggestion  of 
Sir  James  Mackenzie,  we  have  been  able  to  confirm  certain  facts  already 
known  or  suspected,  and  we  have  observed  some  others  which  throw 
considerable  light  upon  the  problem. 

The  methods  employed  have  been  described  in  the  lieports  of  the 
St.  Andrews  Institute  [9] . 

Touch  and  its  Receptor. 

Light  touch  can  be  excited  from  all  portions  of  the  surface  of  the 
body,  as  well  as  from  certain  mucous  membranes,  such  as  the  conjunctiva 
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and  the  buccal  mucosa.  As  is  well  known,  it  is  best  elicited  in  a  pure 
form  by  contact  with  a  fine  brush  or  wisp  of  cotton  wool,  while  on  hair- 
containing  parts  the  movement  of  a  hair  sufficient  to  cause  motion  of 
the  portion  embedded  in  the  hair  follicle  gives  the  characteristic  touch 
sensation. 

Deformation  of  the  surface  is  believed  to  be  the  stimulus  effective  for 
the  production  of  the  sensation.  Examination  by  the  binocular  micro- 
scope of  a  portion  of  skin  while  it  is  being  stimulated  by  a  fine  bristle, 
so  as  to  produce  the  touch  sensation,  shows  that  the  deformity  necessary 
is  of  the  very  slightest  character,  and  almost  imperceptible.  By  such 
examination  the  surface  of  the  epithelium  is  seen  to  have  a  somewhat 
unexpected  character  ;  it  might  be  supposed  that  the  surface  would  show 
a  certain  rigidity,  but  in  response  to  a  light  touch  it  is  seen  to  be  very 
mobile — e.g.,  over  the  tips  of  the  fingers — and  its  surface  behaves  like  an 
extremely  thin  membrane  floating  upon  a  fluid. 

Dififerences  of  opinion  exist  as  to  the  mechanism  of  touch  receptors, 
but  it  is  usually  stated  to  be  a  function  of  specific  "  tactile  corpuscles  " 
and  their  nerves,  while  the  inter-epithelial  nerve  fibres  are  stated  to 
convey  impulses  which  give  pain  sensation. 

The  terminal  branches  of  superficial  nerves  end,  some  in  certain 
specific  end-organs,  while  others  pass  to  the  epithelium  and  terminate 
among  or  even  in  the  cells  of  the  deeper  layers. 

It  seems  advisable  to  describe  shortly  the  position  of  some  of  the 
common  "  end-organs."  There  are,  in  man,  probably  no  "  end-organs  " 
in  the  epithelium  of  the  skin,  the  only  form  of  end-organs  which  have 
been  described  as  occurring  in  epithelium  being  the  Merkel's  ''touch 
cells  "  in  the  snout  of  the  pig. 

These  touch  cells  are  large  vesicular  cells,  probably  epithelial  in 
origin,  lying  in  groups  in  the  deeper  layers  of  the  epithelium,  and  with 
a  network  of  neuro-fibrils  in  close  relation  to  them. 

Apart  from  these,  the  epithelium  is  richly  provided  with  nerve  fibres, 
which  ramify  and  form  a  plexus  in  its  deeper  layers. 

Nerve  impulses  are  not  readily  produced  by  direct  mechanical  stimu- 
lation of  nerve  fibres ;  under  ordinary  conditions  they  are  produced 
by  the  activity  of  receptor  organs,  and  the  arrangement  in  the  skin 
suggests  with  the  greatest  probability  that  touch  is  not  excited  by  direct 
mechanical  stimulation  of  these  fibrils  by  deformation  of  the  surface, 
but  that  the  epithelial  cells  are  receptor  organs,  which  are  excited  by 
contact  and  transmit  to  the  nerve  fibrils  a  stimulus  which  originates  a 
nerve  impulse  in  them. 
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The  ''  touch  corpuscles  "  of  various  types  lie  for  the  greater  part  in 
the  subcutaneous  tissues  (Paccinian  bodies),  itc,  or  in  the  true  skin — 
and  of  the  latter  group,  Meissner's  corpuscles  lie  most  closely  to  the 
surface,  occurring  as  they  do  in  certain  of  the  papillae  of  the  skin, 
while  other  papillae  contain  capillary  loops. 

The  distribution  of  such  bodies  shows  conclusively  that  they  cannot 
be  the  sole  agents  to  act  as  receptors  for  touch. 

Meissner's  corpuscles  are  far  too  widely  scattered  in  many  regions 
to  afford  the  necessary  mechanism — for  example,  on  the  volar  surface 
of  the  forearm  one  such  body  was  found  by  Meissner  present  in 
35  square  millimetres. 

The  Paccinian  bodies  are  still  less  fitted  to  perform  such  a  function, 
and  their  distribution  suggests  an  entirely  different-  use.  They  are 
found  sparsely  scattered  in  some  superficial  regions,  and  exist  in  con- 
siderable numbers  in  such  tissues  as  periosteum,  in  the  mesentery  of 
the  cat,  &c.,  regions  from  which  tactile   sensation  is  entirely  absent. 

We  examined  the  sensory  activity  of  the  exposed  surface  after 
removing  different  thicknesses  of  skin  by  blister.  The  pellicle  of  a 
blister  is  composed  of  a  variable  thickness  of  epithelium,  including  the 
stratum  lucidum  and  more  or  less  of  the  underlying  layers.  After  a 
short  application  of  a  fly  blister  and  in  "  occupational  "  blisters  the 
pellicle  may  contain  only  the  more  superficial  layers,  but  after 
prolonged  application  the  greater  part  and  even  the  whole  of  the 
epithelium  may  be  removed. 

When  a  distinct  film  of  epithelium  is  left,  the  exposed  surface  is  dry, 
and  touch  can  be  felt  from  it,  but  when  more  of  the  epithelium  has 
been  removed  and  the  surface  is  raw  and  moist,  no  tactile  sensation  can 
be  elicited,  and  pain  only  is  excited  by  the  stimulus. 

The  inference  from  the  structural  and  from  experimental  evidence 
is  that  the  epithelium  of  the  skin  is  the  receptor  organ  for  the  sensation 
of  touch,  performing  the  function  of  transmitting  the  stimulus  excited 
by  touch  to  the  nerve  terminals  which  are  found  among  the  cells  of  the 
deeper  layers. 

Temperature  Sensation. 

The  activity  of  the  cold  and  warm  spots  presents  peculiar  features, 
some  of  which  have  been  from  time  to  time  recognized  by  various 
observers.  The  first  peculiarity  to  present  itself  is  the  extreme  difiiculty 
found  in  enumerating  the  number  of  responsive  spots  present  in  a  given 
area.  • 
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Goldscheider  [3],  who  has  been  probably  the  most  extensive  writer 
on  this  subject,  has  pointed  out  that  at  a  single  sitting  a  true  picture  of 
the  temperature  spots  is  not  obtained,  but  that  the  examination  must  be 
carried  out  for  several  days  if  all  the  spots  are  to  be  discovered. 

Boring  ['2]  states  that  it  is  one  thing  to  map  an  area  in  a  single 
investigation  for  cold  or  warm  spots — it  is  quite  another  thing  to  find 
these  spots  a  second  time  and  not  to  find  new  ones. 

The  same  difficulty  was  encountered  by  Trotter  and  Davies  [8]  in 
their  observations  upon  cutaneous  sensation  in  connection  with  the 
division  of  nerves,  and  Head  and  Rivers  [4]  have  drawn  attention  to 
the  varying  number  of  such  responsive  spots  at  different  observations. 
Closely  connected  with  this  is  the  variability  of  situation  of  the  spots,  and 
their  ready  exhaustion  by  stimulation. 

Our  observations  established  the  following  facts : — 

(1)  In  different  persons  there  is  a  very  wide  difference  in  the  number 
of  cold  and  warm  spots  which  can  be  detected  at  any  one  observa- 
tion. In  an  area  of  the  same  size  (5  cm.  by  2"5  cm.)  it  was  found,  for 
example,  in  one  person  that  the  number  of  cold  spots  which  could  be 
made  out  at  a  single  examination  varied  from  eight  to  eighteen,  while 
in  another  the  number  was  as  great  as  sixty  or  seventy. 

This  difference  in  number  was  constant  among  the  individuals,  that 
is,  in  persons  of  one  group  the  number  was  always  small,  in  the  other 
large,  but  could  not  be  associated  with  any  other  condition.  The  relative 
numbers  of  the  warm  spots  followed  the  same  ratio. 

(2)  Repeated  observations  corroborate  very  completely  the  statement 
that  one  or  two  observations  do  not  disclose  the  full  number  of  spots 
within  the  area  from  which  sensations  of  cold  and  of  warmth  can  be 
elicited,  and  the  sum  total  of  the  spots  elicited  by  a  number  of  investiga- 
tions is  vastly  in  excess  of  that  found  at  any  one  time.  In  other  words, 
under  ordinary  conditions,  of  the  spots  which  are  capable  of  giving  the 
thermal  sensation,  only  a  fraction  are  active  at  one  time. 

(3)  The  spots  are  readily  exhausted  by  a  repetition  of  the  stimulus. 
This  is  an  important  phenomenon,  but  of  greater  importance  is  the 
observation  we  have  made,  that  dulling  of  one  spot  is  accompanied  by 
the  awakening  to  thermal  sensibility  of  an  adjacent  spot.  If  the  point 
of  a  fine  metal  probe  cooled  to  the  requisite  degree  is  brought  into 
contact  with  a  cold  spot,  and  the  touch  repeated  again  and  again  at 
intervals  of  about  a  second,  at  first  the  contact  produces  a  clear  and 
distinct  sensation  of  cold.  After  a  few  contacts,  however,  the  sensation 
of  cold  is  no  longer  excited  by  the  stimulus,  but  that  of  touch  only. 
The  cold  sensation  may  disappear  after  two  or  three  contacts,  or  only 
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after  some  eleven  or  tsvelve,  and  it  may  disappear  and  then  reappear 
once  or  twice  and  finally  disappear. 

If  now  the  stimulus  point  be  moved  slightly  to  one  or  other  side, 
the  sensation  of  cold  is  at  once  set  up  from  a  spot  from  which  before 
no  such  sensation  was  elicited. 

The  Punctate  Distribution  and  "  Fluctuation." 

The  explanation  of  this  varying  activity  of  the  spots  constituted  a 
puzzling  difficulty  until  we  came  to  realize  that  we  were  dealing  with  a 
general  character  of  the  physiological  activity  of  organs,  namely,  that 
under  ordinary  conditions  the  whole  of  an  organ  is  not  in  a  state  of 
activity,  but  a  small  part  of  it  only  ;  that  there  is  a  coming  and  going 
of  activity  among  the  different  parts — change  from  activity  to  quiescence. 
This  feature  we  have  termed  "  fluctuation,"  and  recognition  of  its 
occurrence  affords  an  explanation  of  many  otherwise  extremely 
puzzling  phenomena.     Some  examples  may  be  given. 

(1)  Fluctuation  is  very  notable  at  the  margins  of  areas  of  anaes- 
thesia due  to  nerve  and  to  spinal  injury.  In  testing  the  extent  of  such 
an  area  it  is  a  common  experience  to  find  that  the  margin  of  the  area 
is  not  the  same  on  two  successive  occasions — the  margin  is  not  fixed, 
but  there  is  a  zone  of  varying  width  at  one  time  sensitive,  it  may  be 
to  all  forms  of  stimulation,  while  at  the  next  examination  it  may  be 
insensitive.  Perhaps  more  commonly  the  reverse  is  found,  and  the 
marginal  area,  formerly  anaesthetic,  is  on  a  second  examination  sensitive. 

(2)  Such  fluctuation  is  also  found  very  notably  at  the  margins  of 
areas  of  hyperalgesia,  whether  cutaneous  or  deeper,  and  it  is  almost 
the  rule  to  find  the  margin  varying  at  different  examinations.  Recogni- 
tion of  such  fluctuation  in  these  areas  was  made  by  Sir  James 
Mackenzie  in  1883  [6],  and  the  first  record  of  it  is  as  follows: — 

"  Towards  the  end  of  January,  1881,  the  patient  became  worse.  He 
then  exhibited  the  phenomena  of  hypersesthetic  bands  encircling  the 
abdomen,  the  hyperaesthetic  portion  on  the  left  side  being  broader  and 
a  little  wider  than  that  of  the  right.  The  bands  could  not  be  distinctly 
mapped  out  owing  to  the  variability  of  the  impressions  produced.  Thus 
having  enclosed,  in  ink,  spaces  where  the  patient  declares  he  feels  the 
pricking  of  a  pin  much  less  than  natural,  I  proceed  to  other  places. 
On  returning  to  the  first  spaces  I  find  from  his  starting  and  exclamation 
of  pain  that  they  have  become  hyperaesthetic.  The  dulled  impressions 
are  all  either  in  the  upper  part  of  the  hyperaesthetic  area  or  slightly 
above,  where  they  occasionally  intermit  with  the  natural  about  the  level 
of  the  ninth  rib  on  the  left  side  and  the  tenth  on  the  right. 
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"  I  have  been  unable  to  map  out  the  areas  on  account  of  the  extreme 
variabihty  of  the  impressions." 

(3)  Sensory  change  and  capillary  change.  The  changes  in  the 
sensory  activity  of  the  "  spots  "  suggested  to  us  that  there  might  be  an 
associated  variation  in  the  capillary  field.  Evidence  of  the  occurrence 
of  such  variation  is  easily  obtainable  in  the  condition,  common  among 
young  adults,  in  which  the  fingers  and  hand  are  of  a  purple  colour, 
made  up  of  areas  of  a  deep  purple,  and  of  smaller  areas  of  a  bright  pink 
colour.  If  the  skin  in  this  condition  is  carefully  watched,  it  will  be 
found  that  the  margins  of  the  areas  are  constantly  changing,  the  purple 
areas  encroaching  upon  the  pink  ones,  while  the  pink  areas  die  away 
and  new  ones  appear  elsewhere. 

Under  the  binocular  microscope  the  purple  areas  are  seen  to  owe 
their  colour  to  a  network  of  small  venules  filled  with  blood  of  purplish 
colour,  and  few  capillaries  can  be  seen.  As  the  colour  alters,  small 
bright  red  capillary  loops  come  into  view  in  places  where  none  were 
previously  visible. 

Examination  of  an  area  of  normal  skin  showed  that  the  number  and 
arrangement  of  the  capillaries  visible  in  a  given  area  alter  with  surprising 
rapidity. 

Capillaries  visible  at  one  time  disappear  from  view,  and  other 
capillaries  make  their  appearance  in  the  space  of  a  few  seconds.  The 
occurrence  of  such  capillary  "  fluctuation  "  so  similar  to  the  fluctuation 
in  the  sensory  activity  of  the  normal  skin  suggests  with  considerable 
probability  that  the  two  phenomena  are  causally  connected,  but  of  this 
we  have  not  yet  obtained  definite  proof,  as  the  technical  details  of  the 
experiments  necessary  to  determine  it  are  extremely  complex. 

(4)  The  sensation  of  itching  or  tickling  shows  the  same  peculiarity. 
If  the  surface  of  the  skin  on  the  hairless  part,  for  example,  on  the  front 
of  the  wrist,  is  gently  rubbed  with  a  bristle,  the  sensation  of  tickling  is 
elicited  distinctly  from  some  parts  and  not  from  others.  If  one  of  these 
sensitive  areas  is  gently  rubbed  the  tickling  sensation  gradually  dis- 
appears, but  if  the  bristle  is  moved  to  an  adjacent  area,  usually  distal, 
the  tickling  sensation  is  again  excited  in  an  accentuated  degree. 

This  gives  an  explanation  of  why  itching  tends  to  spread  by  scratch- 
ing, for  the  scratching  excites  the  sensitive  part  and  its  sensitiveness 
becomes  exhausted,  while  that  of  an  adjacent  area  is  in  turn  excited. 

(5)  Alteration  of  the  vascular  condition  of  the  skin  produces  an 
extreme  modification  of  its  sensitiveness  to  thermal  stimulation.  We 
repeatedly  observed  the  effects  produced  by  applying  a  mustard  leaf  so 
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as  to  cause  an  erythema  on  the  sensory  capacity  of  the  part,  and  we 
found  its  sensory  activity  for  heat  and  cold  greatly  altered.  Such  a 
reddened  area  is  not  hypersensitive  to  touch  with  a  neutral  body ;  light 
touch  with  the  point  of  a  pencil,  for  example,  does  not  cause  pain,  but 
the  area  is  extremely  sensitive  to  warmth.  Mild  radiant  heat,  pleasantly 
warm  on  unaltered  parts  of  the  surface,  causes  at  once  a  severe  pain  in 
the  reddened  areas. 

The  first  effect  of  a  mild  erythema  is  to  alter  the  sensation  resulting 
from  stimulation  of  the  hot  spots. 

A  mildly  warm  point  applied  to  them  gives  no  sensation  of  warmth, 
but,  instead,  one  of  sharp  pain. 

In  a  more  pronounced  erythema  a  further  change  occurs,  and,  if  such 
an  area  is  carefully  examined  for  warm  spots,  a  central  area  is  found 
in  which  every  touch  of  a  warm  point  produces  pain,  and  around  this 
area  is  a  zone  of  variable  size  in  which  from  practically  every  point  of 
the  surface  contact  with  a  warm  point  causes  a  sensation  of  warmth. 
The  sensation  is  not  produced  only  from  widely  separated  points,  but 
from  the  general  surface. 

The  effect  of  the  erythema  is  to  disturb  the  "  punctate  "  arrange- 
ment of  warm  spots,  and  instead  of  discrete  and  separated  sensitive 
points,  all  parts  of  the  surface  may  become  sensitive  for  warmth. 

The  principle  of  "  fluctuation  "  affords  an  explanation  of  this 
phenomenon  also.  The  erythema  induced  by  the  mustard  leaf  has 
excited  to  activity  all  the  sensory  areas,  and  all  of  them  respond  to  the 
warm  stimulus.  The  effect  of  the  mustard  leaf  is  a  "  stimulation  " — a 
calling  into  activity  of  all  parts  of  the  organ  stimulated  which  are 
capable  of  activity. 

Summary. 

The  principal  results  which  have  been  reached  include  the 
following  : — 

(1)  There  is  structural  and  experimental  evidence  to  show  that  the 
epithelium  of  the  skin  and  of  certain  mucous  membranes  is  the  receptor 
organ  for  tactile  sensation. 

It  is  not  merely  a  protective  covering,  but  the  receptor  organ  for  a 
special  form  of  sensation,  viz.,  touch. 

(2)  At  single  examinations  hot  and  cold  spots  show  a  punctate 
arrangement ;  the  number  of  such  spots  in  an  area  of  given  size  however 
differs  widely  in  different  individuals. 

(3)  On  repeated  examination  of  the  same  area,  the  number  of  the  hot 
and  cold  spots  is  greatly  increased,  new  spots  appearing  on  successive 
examinations,  while  many  of  those  formerly  found  no  longer  respond. 
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These  observations  harmonize  with  the  results  obtained  by  practically 
all  those  who  have  investigated  this  subject. 

(4)  In  addition,  we  find  that  under  certain  conditions,  such  as  that  of 
mild  erythema,  the  sensation  of  heat  can  be  obtained  from  practically 
all  points  of  the  affected  surface  at  a  single  examination. 

It  follows  from  this  that  all  parts  of  the  surface  are  potentially 
sensitive  to  heat,  and  that  there  is  no  structural  punctate  arrangement 
of  special  receptors  and  special  nerve  fibres  for  thermal  sensation. 

(5)  The  punctate  distribution  of  sensitive  spots  found  at  a  single 
examination  is  explained  by  the  view  that  in  the  skin  there  is  a  constant 
coming  and  going  of  activity  of  the  different  parts.  Other  examples  of 
"  tiuctuation  "  are  afforded  by  the  skin  capillaries  in  normal  and  in 
certain  abnormal  conditions,  and  the  same  principle  may  form  the 
explanation  of  the  variations  found  in  areas  of  hyperaesthesia  and 
ana?sthesia. 

To  this  coming  and  going  of  activity  we  have  applied  the  term 
"  fluctuation." 

(G)  The  erythema  produced  by  the  mustard  leaf  acts  upon  the  heat- 
receptive  areas  in  such  a  way  as  to  abolish  temporarily  this  fluctuation 
and  excites  all  of  them  to  receptivity. 

We  do  not  discuss  the  bearing  of  these  observations  upon  Head  and 
Rivers'  theory  of  a  dual  mechanism  of  sensation,  protopathic  and 
epicritic,  each  subserving  various  forms  of  sensation,  but,  in  our  view, 
the  different  forms  of  sensation  obtained  by  these  observers  indicate 
differences  in  the  physiological  activity  of  a  single  mechanism  rather 
than  the  existence  of  a  dual  structural  apparatus,  each  of  which  is 
composed  of  different  elements. 
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THE    "LAW    OF    FLUCTUATION,"    OK    OF    ALTEKNATING 
PEKIODS  OF    ACTIVITY   AND    BEST    IN    LIVING  TISSUES. 

BY   P.  T.  HERRING. 

{From  the  Institute  of  Clinical  Research  and  the  Physiology  Department,  University  of 

St.  Andrews.) 

In  the  study  of  disease  which  is  in  progress  in  the  Clinical  Institute 
of  St.  Andrews  we  have  met  with  conditions  which  appear  to  us  to  be 
explainable  upon  the  assumption  that  the  units  which  make  up  the 
structure  of  the  tissues  and  organs  of  the  body  show  alternating  periods 
of  activity  and  quiescence.  The  phenomena  are  most  clearly  apparent 
in  the  case  of  the  nervous  and  muscular  tissues  but  are  found  in  others, 
and  appear  to  be  the  expression  of  a  property  which  may  be  common 
to  living  matter  generally.  This  property  we  term  "fluctuation,"  and 
by  it  we  mean  that  the  individual  units  of  which  the  tissues  are  com- 
posed are  constantly  varying  between  the  two  conditions  of  complete 
activity  and  complete  rest.  Each  group  of  units  has  its  period  of 
activity  which  is  followed  by  a  period  of  quiescence.  The  active  phase 
lasts  for  a  while  and  is  succeeded  by  a  period  of  rest  during  which  other 
groups  are  in  activity.  In  this  way  all  parts  of  the  tissue  or  organ 
take  their  share  in  rotation  in  the  performance  of  its  function,  and  the 
activity  of  the  organ  as  a  whole  is  graded  by  the  number  of  active 
units  brought  into  play  at  any  one  time.  Such  an  alternation  of 
activity  and  rest  in  the  units  prevents  their  undue  fatigue,  is  economical 
in  the  distribution  of  work  and  its  resulting  wear  and  tear,  and  at  the 
same  time  provides  a  large  reserve  of  units  to  meet  conditions  in  which 
excessive  calls  are  made  upon  the  organ. 

The  "law  of  fluctuation,"  as  we  are  in  the  habit  of  terming  it, 
appears  to  us  to  be  a  necessary  sequel  to  the  law  of  "  all  or  nothing," 
a  law  which  the  work  of  Keith  Lucas,  Adrian  and  Forbes  has  shown 
to  be  applicable  to  muscle  and  nerve.  The  phenomena  are  well  known, 
but  the  full  significance  of  the  law  of  "  all  or  nothing  "  in  its  bearing 
upon  the  activity  of  an  organ  as  a  whole  has  not  been  sufficiently 
appreciated.  Keith  Lucas  [9}  pointed  out  that  the  unit  of  voluntary 
muscle,  the  muscle  fibre,  when  in  action  always  gives  a  full  contraction 
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and  shows  no  firadation,  and  that  the  graded  activity  of  the  muscle  as 
a  whole  is  etYected  by  the  contraction  of  varying  numbers  of  groups  of 
fibres.  Adrian  [1]  and  Forbes  [6]  have  proved  that  the  nervie  impulse 
obeys  the  same  law,  the  individual  nerve  impulse  showing  no  sign  of 
gradation.  Voluntary  muscle  is  dependent  as  regards  its  activity  upon 
nerve  impulses  which  reach  it  from  the  central  nervous  system  through 
its  motor  nerves.  The  graded  action  of  voluntary  muscle  must,  there- 
fore, be  of  nervous  origin,  and  fluctuation  of  activity  and  rest  in  the 
muscle  must  be  dependent  upon  a  similar  fluctuation  of  activity  and 
rest  in  the  neurones  which  are  concerned  in  the  control  of  the  muscle. 
The  efiferent  neurones  which  supply  muscle  are  not  automatic,  but  are 
actuated,  whether  voluntarily  or  reflexly,  by  nerve  impulses  reaching 
them  from  other  neurones.  We  must,  therefore,  look  to  the  reflex  arc 
for  the  explanation  of  fluctuation  in  voluntary  muscle.  The  neurones 
in  the  reflex  arc  are  conducting  elements  and  are  endowed  with 
properties  which  render  it  extremely  unlikely  that  they  are  directly 
concerned  in  the  production  of  fluctuation.  The  receptors  which 
initiate  the  nerve  impulse,  the  synapses  which  lie  between  the  neurones 
in  the  nervous  system  and  the  receptive  substance  of  Langley  or  the 
myoneural  junction  of  Elliott,  are  all  parts  of  the  reflex  arc  which  might 
be  subject  to  influences  determining  fluctuation.  All  these  structures 
are  specially  liable  to  fatigue  and  are  the  parts  of  the  reflex  arc  which 
give  to  the  reflex  its  special  characteristics.  The  increased  resistance 
offered  by  the  receptors  to  the  initiation  of  nerve  impulses,  and  by  the 
synapses  to  their  passage  from  one  neurone  to  another,  resulting  from 
slight  fatigue,  may  suffice  to  bring  about  continual  variations  in  the 
incidence  and  outflow  of  nerve  impulses  in  the  central  nervous  system. 
Such  an  explanation  of  fluctuation  seems  a  natural  one,  especially  when 
taken  into  consideration  with  the  important  fact  that  an  unfatigable 
nerve  fibre  or  neurone  is  served  by  numerous  highly  fatigable 
receptors,  synapses  and  myoneural  junctions.  The  occurrence  of 
fluctuation  in  the  nervous  system  would  seem  to  be  a  provision  against 
severe  fatigue,  and  the  question  at  once  arises — does  a  slight  degree  of 
fatigue  suffice  to  divert  the  nerve  impulse,  or  is  some  other  mechanism 
concerned?  Fluctuation  is  an  established  fact  in  many  blood-vessels 
and  especially  in  capillaries.  The  temporary  cessation  of  capillary 
blood  flow  may  in  some  cases  be  a  sufficient  explanation  of  the  coming 
into  action  and  the  going  out  of  action  of  receptors,  synapses  and 
myoneural  and  other  junctions.  But  here  again  we  are  faced  with 
the    same  difficulty  as  to  whether  capillary  fluctuation  is    a    nervous 
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phenomenon,  or  an  inherent  property  of  the  capillary  cell.  If  the 
latter  property  be  granted  to  the  capillary  cell  the  same  property  may 
also  be  extended  to  other  living  structures. 

Capillary  fluctuation  cannot  be  regarded  as  an  adequate  explanation 
of  fluctuation  in  the  receptors  of  an  extravascular  tissue  such  as  the 
epidermis  of  the  skin.  Fluctuation  in  the  receptors  of  the  skin  can  be 
readily  demonstrated,  especially  in  those  which  are  concerned  with  the 
reception  and  translation  into  nerve  impulses  of  heat  and  cold,  and  on 
general  grounds  the  occurrence  of  fluctuation  would  seem  to  be  far  from 
improbable  in  all  receptors  which  lie  in  multiples  upon  branches  of  any 
one  afferent  fibre.  It  is  well  known  that  many  afferent  nerves  branch 
abundantly  near  their  terminations  in  the  periphery,  and  that  each 
branch  of  the  axis  cylinder  has  its  own  receptor  or  receptors.  This  is 
especially  well  shown  in  the  free  nerve  endings  in  epithelia.  Even 
special  receptors  may  lie  in  multiples  upon  branches  of  the  same  neurone 
as  is  illustrated  by  the  Paccinian  bodies  in  the  mesentery  of  the  cat,  where 
the  branches  can  betraced  to  their  endings.  In  accordance  with  the  law 
of  "all  or  nothing"  the  nerve  impulses  initiated  by  any  one  receptor  are 
full-sized  nerve  impulses  in  the  main  axis-cylinder.  The  simultaneous 
stimulation  of  any  other,  or  of  all  the  receptors  on  the  same  axis-cylinder, 
will  give  no  greater  mdividual  nerve  impulse  than  stimulation  of  one 
alone.  Indeed,  only  one  receptor  can  be  effective  at  any  one  time,  for  the 
nerve  impulse  from  it  will,  by  its  refractory  period,  impose  a  temporary 
block  upon  all  the  other  branches.  If  the  branches  are  not  in  action  the 
nerve  impulse,  as  in  an  axon  reflex,  must  descend  along  them  and  so 
increase  the  block.  The  difficulty  is  encountered  that  we  do  not  know 
the  rate  of  discharge  of  nerve  impulses  by  the  receptors,  and  it  may  be 
that  multiple  receptors  can  furnish  a  more  rapid  succession  of  nerve 
impulses  than  can  be  initiated  by  one  alone.  It  is  possible  that  the 
magnitude  and  even  the  character  of  the  end-result  of  stimulation  of  the 
receptors  depend  upon  the  number  of  nerve  impulses  initiated  in 
the  neurone  in  unit  time. 

We  suggest  that  the  multiplication  of  receptors  and  branches  of  the 
neurone  is  necessary  for  the  continued  action  of  the  nerve  fibre,  and  that 
they  act  as  relays  for  the  latter.  Some  such  arrangement  appears  to  be 
requisite  to  enable  an  indefatigable  nerve  fibre  to  be  associated  in  function 
with  numbers  of  readily  fatigable  receptors.  Fluctuation  of  receptors 
or  groups  of  receptors  may  be  ascribable  to  fatigue,  or  to  an  inherent 
property  of  some  part  of  the  receptor  whereby  an  alternation  between 
activity  and  rest  is  effected. 
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A  similar  argument  may  be  applied  to  the  branching  of  the  dendrons 
of  the  neurones  which  lie  in  the  central  nervous  system.  Some  nerve 
cells,  e.g.  the  cells  of  Purkinje,  have  an  enormous  number  of  dendrites 
and  synapses,  and  nerve  cells  in  general  appear  to  form  many  synaptic 
junctions  with  other  neurones.  Many  dendrons  run  for  great  distances 
from  the  cell  body,  but  whether  long  or  short  there  is  no  reason  to 
suppose  that  they  do  not  conform  with  the  laws  applicable  to  the 
remainder  of  the  neurone.  If  the  law  of  "  all  or  nothing  "'  is  obeyed  by 
the  dendrons,  one  synapse  .only,  and  the  dendrite  or  portion  of  the 
neurone  upon  which  it  lies,  should  be  effective  in  conducting  the  nerve 
impulse  at  any  one  time.  The  synapse  may  be  excitatory  or  inhibitory 
in  its  effect,  but,  whichever  it  is,  it  appears  to  be  effective  for  the  whole 
neurone.  It  appears  to  us  that  rotation  of  function  or  the  relay  use  of 
the  synapses  is  probable,  and  indeed  may  be  regarded  as  necessary  for 
the  prevention  of  fatigue  in  pathways  through  the  nervous  system 
which  are  in  more  or  less  constant  use.  Unless  some  such  mechanism 
be  conceived,  the  non-fatigability  of  the  neurone  would  be  useless,  and 
the  strength  of  the  reflex  arc  would  be  that  of  its  weakest  unit,  the 
synapse. 

All  neurones  show  a  similar  system  of  branching  at  their  efferent 
ends.  Such  branches  are  of  enormous  importance  because  they  dis- 
tribute the  nerve  impulses  and  allow  of  diverse  end-results  from  the 
same  stimulus,  as  well  as  varying  degrees  of  gradation  in  the  same  end- 
result.  The  branches  on  the  efferent  side  of  any  neurone  must  receive 
all  nerve  impulses  coming  to  them  from  the  main  trunk,  and  if  their 
endings  are  equally  subject  to  fatigue  one  would  expect  them  to  be 
equally  affected,  so  that  fatigue  is  not  a  likely  cause  of  fluctuation  as 
far  as  they  are  concerned.  It  is  conceivable  that  local  conditions,  such 
as  capillary  fluctuation  in  muscle,  might  determine  the  activity  or  non- 
activity  of  the  myoneural  junctions. 

The  assumption  of  the  occurrence  of  fluctuation  in  the  receptors 
and  synapses  of  the  reflex  arc,  or  of  the  physiological  nerve  unit  of 
sensation,  provides  a  simple  explanation  of  many  physiological  and 
clinical  phenomena.  It  helps  to  explain  the  adaptation  which  occurs 
in  the  various  end-organs  of  sensation,  and  the  persistence  of  sensation 
to  a  continued  stimulus. 

Varying  degrees  of  excitation  and  inhibition  by  excitatory  and 
inhibitory  nerves  are  explainable  in  the  results  they  produce  by  varia- 
tions in  the  number  of  groups  of  units  in  the  organ  supplied  being 
brought  into  activity  or  thrown  out   of    activity.      Drugs   and  toxins 
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which  act  upon  the  nervous  system  exert  their  influence  upon  receptors, 
synapses  or  myoneural  junctions,  increasing  or  decreasing  their  sensi- 
tiveness and  so  affecting  the  passage  of  nerve  impulses  through  them. 

As  an  illustration  of  the  application  of  the  principle  of  fluctuation 
we  may  take  the  case  of  a  voluntary  muscle,  such  as  the  diaphragm, 
which  is  in  continual  action.  We  have  no  direct  proof  that  fluctuation 
exists  in  the  diaphragm  and  in  the  nervous  respiratory  mechanism  con- 
trolling it,  but  we  are  of  the  opinion  that  its  assumption  is  a  necessity. 
The  diaphragm  is  capable  of  great  variations  in  the  amount  of  its  con- 
traction, as  is  shown  by  the  different  depths  of  inspiration  which  are 
possible.  In  ordinary  or  tidal  respiration  the  contraction  is  relatively 
small,  but  according  to  the  law  of  "  all  or  nothing  "  each  muscle  fibre 
in  it,  when  contracted,  is  contracted  to  its  full  extent,  and  gradation  of 
contraction  of  the  diaphragm  as  a  whole  must  be  due  to  the  contrac- 
tion of  varying  numbers  of  groups  of  its  fibres.  In  a  small  contrac- 
tion only  a  few  groups  are  active,  and  as  more  groups  come  into  play 
the  contraction  of  the  muscle  as  a  whole  increases.  It  is  unlikely  that 
in  the  small  contraction  of  tidal  respiration,  the  form  of  respiration 
which  is  of  most  frequent  occurrence,  the  same  groups  of  muscle  fibres 
are  constantly  engaged.  This  would  result  in  a  very  uneven  distribu- 
tion of  the  work  among  the  muscle  fibres  of  the  diaphragm,  and  also 
of  the  nervous  mechanism  which  controls  it.  For  a  maximum 
effort  all  parts  of  the  respiratory  centre  and  all  the  muscle  fibres  would 
be  brought  into  action,  but  the  reserve  units  might  be  rarely  or  never 
used  unless  there  is  some  system  of  fluctuation  whereby  all  the  units 
take  their  share  of  the  ordinary  work  in  rotation. 

If  there  is  no  such  thing  as  fluctuation  in  the  diaphragm,  and  in 
the  nervous  mechanism  controlling  respiration,  the  continual  use  of  the 
same  muscle  fibres  in  tidal  respiration  must  involve  the  continual 
passage  of  nerve  impulses  through  part  at  least  of  the  same  neurones 
in  the  respiratory  centre,  and  consequently  through  the  same  synapses. 
Unless  these  are  specially  resistent  to  fatigue  we  should  expect  them  to 
show  its  signs,  but  we  know  that  no  fatigue  is  manifested  in  tidal 
respiration.  Haldane  [7]  has  shown  that  fatigue  of  the  nervous 
mechanism  responsible  for  the  control  of  respiration  can  be  readily, 
brought  about  by  breathing  against  a  resistance.  In  breathing  against 
a  resistance  special  effort  is  necessary,  which  means  that  more  neurones 
m  the  central  nervous  system  and  more  muscle  fibres  are  brought  into 
action.  The  fatigue  which  results  manifests  itself  in  rapid  shallow 
breathing  which  may  be  very  persistent.     The  condition  is  seemingly 
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due  to  fatigue  of  the  synapses  upon  the  nerve  pathways  in  the 
respiratory  centre.  The  rapid,  shallow  breathing  is  explainable  on  the 
assumption  that  the  resistance  of  all  the  synapses  is  raised,  and 
afferent  nerve  impulses  in  the  centre,  instead  of  flowing  easily  into 
the  efferent  inspiratory  and  expiratory  neurones  in  steady  and  pro- 
longed alternation,  are  more  rapidly  diverted  between  them. 

The  occurrence  of  fatigue  from  forced  respiration,  and  its  persistence 
when  tidal  respiration  should  suffice  for  the  needs  of  the  individual, 
point  to  a  fatigue  of  the  syna|)ses  on  the  pathways  of  the  nerve 
impulses  concerned  in  the  production  of  tidal  as  well  as  of  the  deeper 
forms  of  breathing.  But  in  tidal  respiration  the  law  of  "  all  or  nothing  " 
requires  the  neurones  and  muscle  fibres  engaged  to  have  been  in  full 
activity,  yet  no  fatigue  results.  We  suggest  that  in  quiet  respirations 
fatigue  is  avoided  in  the  reflex  arc  and  in  the  motor  nerve  endings  of  the 
muscle  fibres  of  the  diaphragm  by  the  occurrence  of  fluctuation,  there 
being  some  mechanism  which  diverts  the  nerve  impulses  controlling 
respiration  to  relays  of  different  neurones,  and  consequently  to  different 
groups  of  muscle  fibres.  In  this  way  fatigue  beyond  a  certain  point 
necessary  to  divert  the  nerve  impulses  becomes  impossible  in  ordinary 
quiet  respiration.  In  the  respiratory  reflex  this  alternation  may  be 
the  result  of  effects  upon  the  receptors,  sj-napses,  and  possibly  the 
myoneural  junctions,  in  the  reflex  arcs  concerned. 

Barbour  and  Stiles  [2]  have  found  evidence  that  in  the  sustained 
reflex  contraction  of  muscle  the  contraction  is  maintained  by  groups 
of  muscle  fibres  which  are  continually  alternating  between  activity  and 
rest.  Forbes  [6]  examines  this  argument  in  discussing  the  economy 
of  energy  which  is  a  characteristic  of  muscle  tonus,  making  use  of  the 
suggestion  that  each  group  of  fibres  by  its  activity  excites  a  reflex  con- 
traction of  other  groups  in  the  same  muscle,  the  first  group  contracted 
then  going  out  of  action  because  of  synaptic  fatigue.  He  states  "  the 
fibre  groups  in  this  way  take  up  the  load  in  rotation,  and,  for  some 
reason,  by  this  means  attain  an  economy  otherwise  impossible."  Forbes 
looks  upon  this  mechanism  of  rotation  as  a  possible  explanation  of  some 
of  the  phenomena  of  muscle  tone,  but  states  that  the  evidence  is 
insufficient  to  warrant  its  acceptance. 

It  seems  to  us  probable  that  fluctuation  does  occur  in  the  main- 
tenance of  tone  in  muscle,  and  we  would  ascribe  it  to  alterations  in 
those  parts  of  the  reflex  arc  which  are  most  susceptible  to  fatigue, 
namely  the  receptors  and  synapses,  and  possibly  the  neuromuscular 
junctions.     Fluctuation  does  not  explain  the  altered  metabolism  which 


"the  law  of  fluctuation"  215 

Cathcart  and  Leathes  (3)  have  shown  to  be  a  characteristic  of  tonic  as 
distinguished  from  the  clonic  contraction  of  muscle.  The  question  is 
not  yet  settled  as  to  the  nature  of  the  muscular  contraction  in  tonus, 
nor  is  the  exact  nature  of  the  nervous  mechanism  which  controls 
it  known. 

Fluctuation  is  very  obvious  in  one  form  of  exaggerated  muscle  tone 
which  is  met  with  clinically.  Irritation  of  an  abdominal  viscus  brings 
about  a  reflex  mcrease  of  tone  in  the  voluntary  muscles  of  the 
abdominal  wall,  which  varies  from  slight  resistance  of  some  part  of 
the  muscle  to  the  tense  contraction  of  all  the  muscles  of  the  wall. 
It  is  usually,  but  not  always,  associated  with  pain  and  with  hyper- 
sesthesia  of  the  skin  or  muscle,  or  both.  Fluctuation,  as  evidenced 
by  a  constantly  changing  area  of  the  hyperaesthesia  and  of  the  parts 
of  the  muscle  contracted,  is  very  common.  The  phenomena  met  with 
are  all  of  the  nature  of  reflex  action,  and  variations  in  resistance  of 
the  receptors  to  stimulation,  and  of  the  synapses  on  the  reflex  arc  to 
the  passage  of  the  nerve  impulse,  are  regarded  by  us  as  the  most  likely 
cause  of  the  fluctuation.  An  increase  in  the  stimulus  which  excites  the 
condition  brmgs  more  neurones  into  action,  and  possibly  increases  the 
frequency  of  nerve  impulses  delivered  to  each  neurone  by  its  receptors. 
The  nerve  impulses  spread  in  the  central  nervous  system,  and  may  give 
rise  to  numerous  other  reflexes  such  as  vomiting,  increased  heart  rate, 
alterations  in  respiration,  sweating,  pallor,  and  even  shock.  The  reflexes 
are  usually  attended  by  sensory  phenomena  of  which  pain  is  the  most 
prominent,  but  depression,  nausea,  and  exhaustion  are  also  common 
manifestations. 

The  "  all  or  nothing  "  law  was  first  established  for  heart  muscle,  but 
it  applies  to  the  individual  cardiac  muscle  fibre  and  not  necessarily  to 
the  heart  as  a  whole.  The  heart  has  a  great  reserve  power  of  contrac- 
tion and  is  not  often  required  to  work  to  its  full  capacity.  That  the 
heart  appears  to  obey  the  law  of  "all  or  nothing"  in  its  contraction  as  a 
whole  is  probably  the  result  of  the  co-ordination  effected  by  the 
controlling  influences  of  the  sino-auricular  node,  auriculo-ventricular 
node  and  bundle  tissue. 

Stimulation  of  the  sympathetic  nerves  of  the  heart  causes  augmen- 
tation of  its  beat  as  well  as  acceleration.  The  increased  force  of  the 
cardiac  contraction  must  be  due  to  the  action  of  the  sympathetic 
in  bringing  more  muscle  fibres  into  activity.  Stimulation  of  the 
vagus  produces  varying  amounts  of  decreased  force  of  contraction, 
and  here  we  have  varying  numbers  of  groups  of  cardiac  muscle  thrown 
out  of  activity. 
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In  auricular  flutter  and  auricular  fibrillation  the  extent  of  the  ventri- 
cular contraction  may  be  very  variable.  An  inefficient  beat  is  not 
necessarily  due  to  little  time  having  elapsed  between  successive  beats, 
and  so  having  given  little  opportunity  for  the  ventricle  to  fill  with 
blood,  for  it  occurs  at  varying  lengths  of  time  after  the  preceding  beat. 
But  if  the  law  of  "  all  or  nothing  "  holds  good  for  the  cardiac  muscle 
fibre,  the  heart  can  regulate  the  force  of  its  beat  only  by  utilizing 
varying  numbers  of  groups  of  muscle  fibres. 

The  phenomenon  is  also  seen  in  the  "  Treppe  "  or  "  staircase  effect," 
which  is  most  easily  explainable  by  assuming  a  gradual  calling  into 
activity  of  an  increasing  number  of  groups  of  cardiac  muscle  fibres. 

We  cannot  prove  that  in  the  ordinary  contraction  of  the  heart 
fluctuation  is  constantly  occurring,  but  we  are  of  the  opinion  that  it 
must  be  assumed.  The  heart  has  a  great  reserve,  and  it  is  unlikely 
that  the  units  which  constitute  this  reserve  do  not  take  their  part  in 
the  routine  work  of  the  heart.  We  assume  that  there  are  more  muscle 
fibres  in  the  heart  than  are  at  any  one  time  in  action  when  the  heart  is 
beating  quietly.  These  muscle  fibres  take  their  turn  in  carrying  on  the 
work  of  the  heart,  alternating  between  periods  of  activity  and  quiescence. 
All  come  into  action  simultaneously  when  great  effort  is  necessary,  and 
the  occurrence  of  fluctuation  appears  to  us  to  be  a  necessity  for  the 
proper  maintenance  of  a  sufficient  reserve  in  the  heart  muscle. 

If  fluctuation  be  admitted  in  the  heart,  its  causation  is  even  more  a 
matter  of  speculation.  The  heart  differs  from  voluntary  muscle  in 
many  ways,  and  especially  in  its  controlling  mechanism.  The  nodal 
and  bundle  tissues  of  the  heart  play  a  part  which  can  in  some  respects 
be  compared  with  the  myenteric  plexus  of  the  alimentary  canal.  They 
act  as  a  local  controlling  mechanism,  and  are  themselves  influenced 
through  the  central  nervous  system.  It  is  probably  to  some  local  action 
through  the  mediation  of  these  tissues  that  the  cause  of  fluctuation  in 
the  heart  must  be  assigned. 

It  has  be^n  mentioned  that  fluctuation  is  a  phenomenon  manifested 
by  the  receptors,  and  this  is  especially  well  seen  in  the  study  of  skin 
sensation.  It  has  long  been  known  that  fatigue  of  the  receptors  is 
readily  induced,  but  that  a  sensation  of  heat  or  cold  from  a  skin  surface 
may  last  for  hours  under  a  continued  stimulus.  In  an  investigation 
carried  out  in  the  Clinical  Institute,  Waterston  has  found  that  the  heat 
and  cold  spots  of  the  skin  are  constantly  appearing  and  disappearing. 
The  receptors  for  most  forms  of  skin  sensation  are  situated  in  the 
epidermis,   and   are    probably  the    cells  of   the    deeper    layers  of   this 
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structure.  Apparently  these  receptors  are  constantly  varying  between 
activity  and  rest.  In  some  pathological  conditions  the  alternation  is 
even  more  pronounced.  The  niargin,  between  skin  showing  normal 
sensation  and  skin  showing  hyperaesthesia,  is  a  very  good  example  of 
fluctuation.  Sir  James  Mackenzie  [10]  called  attention  to  the  fact  that 
the  margin  is  continually  varying.  That  its  cause  may  be  a  local  one  in 
the  receptors  is  evidenced  by  the  alterations  produced  in  sensation  as  a 
result  of  conditions  affecting  the  epidermis.  The  application  of  a  mild 
irritant,  for  example,  to  the  skin  entirely  alters  the  receptors,  and 
through  them  the  resulting  sensations.  But  the  fluctuation  of  a  margin 
of  hyperaesthesia  usually  occurs  as  the  result  of  some  lesion  in  the  spinal 
cord,  and  it  may  be  that  the  phenomena  are  in  this  case  due  to  fluctua- 
tion in  the  synapses,  and  consequently  to  a  variation  in  the  incidence  of 
the  afferent  nerve  impulses  to  the  special  columns  which  carry  them 
to  the  brain. 

Fluctuation  is  already  recognized  in  the  capillaries  of  skin  and 
muscle,  Krogh  [8],  to  whom  we  owe  this  discovery,  states:  "Every 
capillary  must  therefore  alternately  open  and  close,  and  m  the  resting 
tissue,  which  is  poorly  supplied  with  blood,  the  position  of  open  capil- 
laries must  be  constantly  changing,  with  the  result  that  the  whole 
tissue  is  uniformly  irrigated  when  considered  over  a  period  of  sufficient 
length."  The  capillaries  appear  to  be  to  some  extent  controlled  by 
reflex  action  through  the  central  nervous  system,  but  can  be  dilated  by 
local  axon  reflexes  and  by  the  action  of  certain  chemical  substances  in 
the  blood,  such  as  histamine  (Dale  [4]).  The  cause  of  fluctuation  in  the 
capillaries  is  not  fully  understood,  and  there  is  some  doubt  as  to  the 
relative  importance  of  nerve  control  and  direct  action  by  chemical  means 
through  the  blood-stream.  The  capillary  cells,  or  cells  of  Rouget,  are 
contractile,  and  from  the  point  of  view  of  the  capillary  cell  its  period  of 
activity  must  be  that  of  contraction  during  which  no  circulation  takes 
place  through  it.  From  the  point  of  view  of  the  tissue  the  dilated 
capillary  is  necessary  for  activity,  and  it  may  well  be  that  the  tissue  has 
the  local  power  of  bringing  about  that  dilatation  by  axon  reflexes  or 
otherwise. 

The  alternation  of  activity  and  rest  of  the  capillaries  of  the  glomeruli 
of  the  frog's  kidney  has  been  noticed  by  liichards  [11].  The  glo- 
merular capillaries  reunite  to  form  an  efferent  arteriole  which  usually 
supplies  blood  to  the  capillaries  of  the  convoluted  tubules  belonging  to 
the  same  Malpighian  body,  so  that  the  glomerulus,  when  inactive, 
probably  renders  the  rest  of  the  tubule  inactive.     Richards  states  that 
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the  alternation  of  activity  and  rest  in  the  gloniernhir  capillaries 
is  an  irregular  one,  and  that  the  glomeruli  act  independently  of 
one  another.  The  transition  from  full  activity  to  complete  rest  is  very 
rapid,  the  blood  flow  stops  suddenly,  and  the  glomeruli  disappear. 
Eichards  draws  the  inference  that  a  local  regulatory  mechanism  must 
exist  analogous  to  that  shown  by  Krogh  to  exist  in  the  capillaries  of 
muscle,  and  states  that  the  intermittence  persists  after  complete 
destruction  of  the  whole  central  nervous  system.  Here  again  activity 
of  the  kidney  requires  dilatation  of  the  capillaries,  that  is  to  say  a  state 
of  quiescence  of  the  capillary  cell.  If  llichards'  observations  are  correct, 
that  the  alternations  take  place  independently  of  the  central  nervous 
system,  some  local  action  either  of  the  nature  of  an  axon  reflex  or  of  a 
direct  chemical  action  on  the  capillary  cell  must  be  postulated. 

If  fluctuation  is  a  universal  property  of  capillaries  an  important 
physiological  difference  is  apparent  between  those  organs  which  are 
supplied  by  capillaries  and  those  supplied  by  a  sinusoidal  circulation. 

The  assumption  of  fluctuation  as  of  normal  occurrence  in  the 
capillary  circulation  appears  to  be  necessary  to  explain  the  fact  that  in 
conditions  w^here  there  is  a  universal  dilatation  or  paralysis  of  the 
capillary  wall  the  volume  of  blood  is  too  small  for  the  maintenance 
of  a  proper  blood-pressure.  Heart  failure  is  not  infrequent  from 
this  cause :  the  blood  stagnates  in  the  dilated  capillaries,  and  the 
heart  ceases  to  contract  because  it  is  obtaining  an  insufflcient  supply 
of  blood. 

Histological  evidence  of  fluctuation  in  the  glandular  secretions  is 
abundant.  The  pancreas,  when  fixed  during  its  activity,  presents  differ- 
ences in  appearance,  especially  as  regards  its  cellular  content  of  granules, 
in  different  parts  of  the  gland.  This  we  regard  as  an  expression  of 
different  stages  of  activity,  and  the  most  likely  explanation  is  that  not 
all  parts  of  the  gland  are  in  action  at  the  same  time.  It  cannot  be 
inferred  that  fluctuation  in  the  secretion  of  the  pancreas  is  dependent 
upon  the  nerve  supply,  for  the  main  stimulus  of  pancreatic  secretion  is 
a  chemical  one  taken  to  it  by  the  blood-stream.  The  pancreas,  how- 
ever, has  a  nerve  supply  the  action  of  which  is  not  understood.  It  is 
possible  that  fluctuation  in  the  secretion  of  the  pancreas  may  be  the 
result  of  fluctuation  in  the  capillary  blood  supply  to  the  gland,  that  the 
nerves  of  the  pancreas  are  concerned  in  the  process,  and  that  the 
mechanism  is  similar  to  that  described  by  Krogh  in  skin  and  muscle. 
In  glands  like  the  salivary,  fluctuation,  if  present,  might  be  expected  to 
result  through  the  nervous  system,  for  the  secretion  is  a  reflex  process 
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and  must  be  governed  b_y  the  laws  applicable  to  nerve  impulses  set  up 
in  receptors  and  conducted  over  a  reflex  arc. 

SUMMAKY, 

The  term  "fluctuation"  is  applied  to  the  alternation  of  ])eriods  of 
full  activity  and  complete  rest  which  appears  to  be  a  property  of  the 
cell  units  of  many,  and  possibly  of  all,  living  tissues.  The  possession 
of  this  property  by  the  cells  which  constitute  the  walls  of  the  capillary 
blood-vessels  has  been  demonstrated  by  Krogh,  and  it  has  been  observed 
in  the  glomerular  capillaries  of  the  frog's  kidney  by  Richards.  Its 
occurrence  in  voluntary  muscle  has  been  shown  by  Barbour  and  Stiles. 
The  condition  was  noticed  many  years  ago  by  Mackenzie  m  the  con- 
stantly varying  borders  of  areas  of  hyperaesthesia  which  are  found  in 
the  skin  in  some  cases  of  spinal  lesion. 

The  assumption  of  a  "  law  of  fluctuation  "  appears  to  be  a  necessity 
in  the  case  of  all  tissues  which  are  subject  to  the  law  of  "  all  or 
nothing."  It  is  therefore  specially  applicable  to  muscle  and  nerve,  the 
cell  units  of  which,  as  demonstrated  by  the  work  of  Keith  Lucas,  Adrian, 
and  Forbes,  are  governed  by  this  law. 

The  law  of  "  all  or  nothing"  demands  that  each  cell  unit,  when  in 
action,  should  give  its  maximal  response  to  any  stimulus  which  is 
capable  of  producing  a  response,  there  being  no  gradation  in  the 
individual  unit  between  complete  activity  and  complete  rest. 

Gradation  of  activity  in  an  organ  made  up  of  units  subject  to  the 
law  of  "  all  or  nothing  "  is  due  to  varying  numbers  of  units,  or  groups 
of  units,  being  brought  into  action.  The  "  law  of  fluctuation  "  demands 
an  alternation  of  the  units  engaged,  so  that  in  the  performance  of  a 
moderate  amount  of  work  all  parts  of  the  organ  participate  in  turn,  first 
one  part  and  then  another  taking  up  the  work  in  rotation.  Such  a 
mechanism  prevents  undue  fatigue  of  the  individual  units,  distributes 
the  work  uniformly  over  the  constituent  elements  of  an  organ,  and 
provides  a  reserve  of  units,  all  of  which  can  be  brought  into  action 
simultaneously  when  the  need  arises,  and  have  not  suffered  from  long 
periods  of  disuse. 

Reasons  are  advanced  for  the  assumption  that  fluctuation  must 
occur  in  the  receptors  and  synapses  of  the  reflex  arc. 

An  explanation  is  offered  of  the  presence  of  numerous  branches  on 
the  afferent  side  of  each  neurone,  and  their  function  is  contrasted  with 
that  of  the  branches  on  the  efferent  side  of  the  neurone.  It  is  suggested 
that  multiple  receptors  and  synapses  are  necessary  for  the  economical 
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use  of  the  non-fatigable  nerve  fibre.  The  nerve  impulse  is  initiated 
by  the  receptor,  and  its  frequency  may  be  of  the  utmost  importance  in 
the  production  of  the  end-result.  Tho  branching  on  the  efferent  side 
permits  a  multiplication  of  the  end-result,  and  an  irradiation  in  the 
central  nervous  system  which  is  limited  by  the  resistance  of  the 
synapses  met  with. 

The  cause  of  fluctuation  is  ascribed  to  the  occurrence  of  slight 
fatigue  in  the  receptors  and  synapses,  and  possibly  in  the  receptive 
substance  between  the  efferent  neurone  and  the  effector  organ.  In  some 
cases  fluctuation  may  be  ascribable  to  fluctuation  in  the  capillary 
circulation.  The  possibility  still  remains  that  fluctuation  may  be  an 
inherent  property  of  the  tissue  cell. 

Examples  are  given  of  fluctuation  in  nerve,  muscle,  and  glands,  and 
its  physiological  and  clinical  importance  is  emphasized. 

The  author  desires  to  express  his  indebtedness  to  the  Medical 
Kesearch  Council  for  financial  help,  and  to  Sir  James  Mackenzie  and 
the  members  of  the  St  Andrews  Clinical  Institute  for  their  advice  and 
criticism. 

BIBLIOGEAPHY. 

[1]   Adkian,  E.  D.     "On  the  Conductivity  of  Subnormal  Disturbances  in  Normal  Nerve," 
Journ.  of  Physiol,  1913,  45,  .389. 
Idem.     "  The  All  or  None  Principle  in  Nerve,"  ibid.,  1914,  47,  460,  and  subsequent 
papers. 
[2]   Barboue,  F.  G.,  and  Stiles,  P.  G.     Amer.  Phys.  Education  Review,  1912,    17,  73. 

Quoted  from  Forbes,  Amer.  Phyrdol.  Revietvs,  1922,  11,  404. 
[3]   Cathcart,  E.  p.,  and  Leathes,  J.  B.     "On  the  Relation  between  the  Output  of  Uric 
Acid  and  the  Rate  of  Heat  Production  in  the  Body,"  J^roc.  Roy.  Sac,  1907,  B, 
77,541. 
[4]   Dale,  H.  H.,  and  Richards,  A.  N.     "The  Vasodilator  Action  of   Histamine  and  of 

some  other  Substances,"  Journ.  of  Physiol,  1919,  52,  110. 
[5]   Forbes,  Alex.     "  The  Interpretation  of  Spinal  Reflexes  in  Terms  of  Present  Knowledge 

of  Nerve  Conduction,"  Physiol  Reviews,  1922,  2,  403. 
[6]  Forbes,  Alex.,  and  Gregg,  Alan.     "Electrical   Studies  in   Mammalian   Reflexes," 

Amer.  Journ.  of  Physiol,  1915,  39,  172. 
[7]   Haldase,  J.  S.     "Respiration,"  Silliman  Memorial  Lectures,  ]'J22,  Yale  University 
Press. 
Haldane,   J.    S.,  Meakins,  J.   ('.,   and  Priestly,  J.   G.     "The  Effects   of   Shallow 

Breathing,''  Journ.  of  Physiol,  1919,  52,  433. 
Davies,  H.,   Haldane,   J.  S.,  and  Priestly,  J.  G.     "The  Response  to  Respiratory 
Resistance,"  Journ.  of  Physiol,  1919,  53,  60. 
[8]    Krogh,  a.     "Studies  on  the  Capillariomotor  Mechanism,"  Journ.  of  Physiol,  1920, 

53,  399  :  1921,  65,  412  :  1922,  56,  179. 
[9]  Lucas,  Keith.     "  The  All  or  None  Contraction  of  the  Amphibian  Skeletal  Muscle," 
Journ.  of  Physiol,  1909,  38,  113. 
Idem.     "  The  Conduction  of  the  Nerve  Impulse,"  1917,  London  :  Longmans,  Green  and 
Company. 
[10]   Mackenzie,  James.     "  A  Case  of  Hemiplegia  spinalis,"  Lancet,  June,  1883,  1,  995. 
[11]   Richards,  A.  N.     "  Kidney  Function,"  Amer.  Journ.  Med.  Science,  1922,  163,  1. 


HYSTERICAL  PAIN. 

BY  E.  G.  GORDON,  M.D.,  M.R. C.P.ED. 

AND 

H.  H.  C.\RLETON,  M.D.,  M.R.C.P. 

Even  at  this  date  the  term  hysterical  does  not  have  the  exact 
meaning  which  is  desirable  in  scientific  discussion,  and  still  requires  to 
be  defined  by  everyone  making  use  of  the  expression.  All  authorities 
are  agreed  that  an  hysterical  symptom  is  one  which  does  not  depend  on 
any  demonstrable  lesion  of  any  part  of  the  body,  and  that  it  is 
psychogenic  in  origin.  It  is  over  the  nature  of  the  psychogenic  origin 
that  observers  fail  to  agree.  Certain  neurologists,  such  as  Babinski  [1] 
and  Hurst  [7],  maintain  that  the  hysterical  symptom  is  nothing  but  the 
product  of  suggestion.  The  psycho-analytic  school  declare  that  the 
hysterical  symptom  is  always  a  symbolic  manifestation  of  an  underlying 
psychic  complex.  We  believe- that,  as  a  matter  of  fact,  careful  inquiry 
into  the  onset  of  every  hysterical  symptom  will  demonstrate  the  presence 
of  a  suggestion  as  a  determining  factor,  but  that  in  the  majority, 
if  not  in  all  cases,  a  connection  with  some  sort  of  complex  can  be 
established. 

If  expressed  in  physiological  terms  it  becomes  more  easy  to  see  how 
this  may  be.  A  suggestion,  whether  it  comes  from  the  patient  himself 
or  from  his  environment,  is  a  pattern  of  stimuli  impinging  on  the 
receptors  of  his  nervous  system.  Sherrington  [16]  has  shown  that  in 
accordance  with  the  laws  of  the  selective  action  of  the  receptors  and 
the  various  inhibitions  and  facilitations  established  in  the  nervous 
system,  a  certain  group  of  neurones  will  be  activated  and  modified  when 
a  stimulus  reaches  the  body.  The  exact  composition  of  the  group 
is  determined  as  a  result  of  hereditary  dispositions  and  the  condition- 
ing which  has  taken  place  through  life.  Under  certain  circumstances, 
depending  on  the  relative  strength  of  the  stimulus  and  the  synaptic 
stability  of  the  nervous  system,  this  group  of  neurones  or  engram,  to 
use  Semon's  term,  is  so  modified  as  to  become  a  persistent  entity  more 
or  less  "closed,"  that  is,  not  readily  modified  by  future  stimuli.  This 
will  be  specially  liable  to  occur  if  the  stimulus  is  persistent  over  a  long 
period.     Of  such  a  nature  are  the  hysterical  symptoms  which  occur  as 
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perpetuations  of  organic  injuries.  For  example,  the  niusculo-spiral 
nerve  is  bruised  but  not  divided  by  an  injury  in  the  arm.  The  result  is 
a  temporary  paralysis  of  the  extensors  of  the  wrist  and  thumb.  That  is 
to  say,  a  stimulus  coming  from  higher  levels  which  would  normally  induce 
activation  of  these  muscles  as  a  constituent  part  of  a  motor  pattern  of 
behaviour,  fails  to  elicit  any  response  owing  to  the  blocking  of  conduc- 
tivity of  the  nerve.  Had  the  muscles  responded  and  the  pattern  of 
behaviour  been  carried  out,  their  very  activity  would  have  provided 
new  stimuli,  which  would  have  induced  activation  of  other  engrams 
in  a  series  of  associations,  whereby  thought,  feeling  and  action 
would  result.  Theoretically,  at  any  rate,  such  patterns  may  be  almost 
limitless  in  variety.  Thus  the  action  of  these  muscles  becomes  a  small 
but  definite  part  of  the  reaction  of  the  whole  organism  to  the  environ- 
ment. But,  as  has  been  seen,  there  is  a  break  in  this  chain,  for  conation 
in  respect  of  these  extensor  muscles  does  not  occur.  This  in  itself  tends 
to  close  the  whole  pattern  which  requires  the  action  of  these  muscles, 
and  isolates  the  engram  from  activation  by  efferent  impulses  from 
higher,  i.e.,  cortical  levels.  Home  weeks  later  the  nerve  has  recovered 
from  its  bruising,  conductivity  is  resumed  and  the  muscles  are  capable 
of  contraction.  There  is  no  difficulty  so  far  as  the  peripheral  arc  level 
is  concerned.  The  muscles  work  as  individual  muscles  if  they  form  a 
link  in  a  spinal  reflex  which  is  set  off,  and  react  to  electricity  and  so  on, 
but  the  activation  from  higher  levels  is  inhibited.  The  synaptic 
junctions  are  no  longer  permeable  under  ordinary  circumstances,  hence 
"  voluntary  '"  movement  is  impossible.  To  put  it  in  another  way,  these 
particular  neurones  cannot  be  activated  with  others  on  the  cortical  level 
in  consciousness,  i.e.,  integrated  to  form  part  of  a  complicated  pattern 
of  behaviour  or  movement  as  distinguished  from  a  muscular 
contraction.     80  hysterical  paralysis  results. 

However,  another  factor  may  come  in.  It  may  be  that  this 
particular  paralysis  is  of  advantage  to  some  complex  in  the  patient's 
mental  make-up.  Let  us  make  clear  what  we  mean  by  this  somewhat 
loose  statement.  First  of  all  what  is  meant  by  a  complex  ?  A  recent 
discussion  on  this  subject  [13]  has  exposed  considerable  divergence  of 
opinion,  but  has  disclosed  some  valuable  definitions.  Adapting  our 
definition  from  these  we  would  describe  a  complex  as  a  persistent  but 
poorly  organized  or  "  untidy  "  system  of  emotional  dispositions  about  an 
object,  which  may  or  may  not  be  capable  of  being  represented  in 
consciousness,  in  contrast  to  a  sentiment  which  is  a  system  well 
organized  and  is  always  capable  of  being  represented  in  consciousness. 
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The  hysterical  symptom  within  a  complex  is  the  result  of  interaction 
between  poorly  organized  or  dissociated  thinking,  and  poorly  organized 
or  dissociated  behaviour.  This  persistence  of  the  complex  is  important 
for  psychology.  Shand  [15]  speaking  of  sentiments  lays  stress  on 
their  capacity  for  persistence  and  adaptation  to  different  circumstances, 
as  opposed  to  an  emotion  which  can  adapt  itself  to  one  kind  of 
situation  only.  The  same  is  true  of  the  complex,  although  it  can  and 
does  grow  and  decay,  and  even  disappear  after  a  time.  The  persistence 
of  the  complex  often  determines  the  duration  of  an  hysterical  symptom. 
The  "  untidy  "  organization  is  important.  Pear  [12]  has  laid  stress  on 
the  unpredictability  of  behaviour  resulting  from  a  complex.  In  the 
same  way  the  composition  of  a  complex  is  unpredictable  and  it  gathers 
to  itself  most  unexpected  patterns,  in  the  form  of  hysterical  symptoms. 
Shand  points  out  that  both  sentiments  and  complexes  are  not  merely 
associated  with  a  common  effect,  but  are  also  relevant  and  subordinate 
to  an  end.  If  these  definitions  are  accepted  we  can  explain  more 
definitely  the  loose  expression  we  have  used  above.  In  view  of  an  end, 
all  patterns  of  behaviour  which  subserve  that  end  will  tend  to  become 
associated  with  and  drawn  into  the  complex,  and  while  the  complex  is 
in  being  that  pattern  will  remain  more  or  less  unmodified  by  stimuli 
which  activate  patterns  outside  the  complex.  In  neurological  terms  an 
engram  subserving  such  a  pattern  of  behaviour  will  not  be  readily 
activated  by  stimuli  affecting  neurones  outside  the  engram  which 
subserves  a  complex. 

To  return  to  our  example :  suppose  that  at  the  time  the  nerve  is 
recovering"  two  complexes  are  struggling  for  mastery,  one  representing 
self-preservation  or  avoidance  of  social  obligations,  and  the  other 
representing  altruistic  behaviour.  The  continuance  of  paralysis  may 
be  of  use  to  both  complexes  inasmuch  as  it  is  a  compromise  between 
the  two.  Thus  activation  of  the  neurones  governing  movement  of  the 
muscles  may  be  inhibited,  because  stimuli  from  outside  the  complex 
can  only  with  difficulty  activate  any  pattern  within  it.  This  accounts 
for  both  the  stability  of  the  hysterical  symptom  and  the  difficulty  of 
cure.  Perhaps  an  example  of  the  use  made  of  an  hysterical  symptom 
to  solve  a  conflict  between  two  complexes  will  make  things  clearer.  A 
lady  was  in  the  throes  of  a  conflict  between  the  complexes  representing 
her  religious  and  social  duties  on  the  one  hand,  and  those  representing 
self-indulgence  and  avoidance  of  life  on  the  other.  So  keen  had  this 
become  that  suicidal  ideas  had  arisen  in  connection  with  the  second 
complex  and   caused  the    most   acute   distress,  such    a    solution  being 
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incompatible  with  the  reHgious  and  social  complexes.  One  day  she 
stumbled  over  a  low  parapet,  fell  and  bruised  her  back.  The  sugges- 
tion that  she  could  not  move  her  legs  was  accepted  and  at  once  drawn 
into  the  net  of  her  second  complex,  for  as  she  lay  in  bed,  a  self-satisfied 
invalid,  she  exclaimed,  "How  fortunate  this  is,  I  cant  possibly  get  to 
the  window  to  throw  myself  out."  Complex  number  two  had  tem- 
porarily won  the  day  and  number  one  was  momentarily  satisfied,  and 
the  inhibition  of  stimuli  which  would  cause  the  perfectly  healthy 
muscles  to  act  was  most  pronounced. 

It  should  be  noticed  that  although  an  hysterical  symptom  is  drawn 
into  the  pattern  of  a  complex  to  begin  with,  by  the  time  that  complex 
has  ceased  to  be  of  importance  to  the  patient's  personality  as  a  whole, 
the  hN'Sterical  symptom  may  have  drawn  other  sets  of  ideas  into  asso- 
ciation with  it  and  formed  a  new  complex  round  itself,  which  will  not 
be  resolved  till  the  hysterical  symptom  is  removed.  For  example,  a 
man  is  thrown  into  a  state  of  extreme  terror  by  being  exposed  to  a 
shell  explosion,  and  as  the  result  of  the  disorganization  of  his  muscular 
control  he  develops  a  stammer.  -The  hysterical  symptom  was  drawn 
into  his  self-preservation  complex  while  the  war  was  on  and  served 
this,  but  later  a  new  self-depreciation  coniplex  in  relation  to  unemploy- 
ment grows  round  the  stammer  and  persists  until  the  stammer  is 
removed.  This  explains  the  divergent  methods  of  treatment  and  their 
varying  efficacy.  In  cases  not  associated  with  a  well-defined  complex, 
where  inhibition  is  chiefly  due  to  habit  and  prolonged  failure  to  elicit 
response,  direct  persuasion  readily  elicits  a  series  of  stimuli  from  higher 
levels  which  overcome  the  inhibition,  but  in  other  cases  some  resolution 
of  the  complex  may  be  necessary  before  simple  persuasion  can  operate 
and  open  up  the  passage. 

From  the  above  it  is  evident  that  our  standpoint  as  regards  the 
hysterical  symptom  is,  that  it  is  the  product  of  suggestion  and  a  well- 
defined  complex,  and  that  these  determine  the  localization  and  character 
of  the  hysterical  symptom. 

We  believe  that  dissociation  from  cortical  control  is  characteristic 
of  all  forms  of  hysterical  symptoms,  and  our  present  purpose  is  to  show 
that  this  is  particularly  prominent  in  relation  to  hysterical  pain,  and  to 
indicate  certain  lines  of  treatment  depending  on  this  concept. 

We  would  define  hysterical  pain  as  a  release  phenomenon  in  which, 
owing  to  functional  dissociation  of  cortical  control,  the  more  primitive 
sensory  system  convergent  upon  the  optic  thalamus  is  unmasked  and 
holds  swav. 
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The  etiology  and  nature  of  hysterical  pain  are  subjects  which  have 
received  singularly  little  attention  in  literature,  whether  from  writers 
on  pain  in  general  or  from  those  who  deal  with  hysteria,  yet  there  is 
no  symptom  which  is  so  commonly  complained  of  or  so  greatly  con- 
sidered by  the  patient.  The  great  difficulty  of  this  study  is  that  pain 
is  entirely  subjective  and  cannot  be  estimated  or  measured  objectively. 
Even  the  distressing  appearance  of  those  who  suffer  really  severe  pain, 
such  as  tic  douloureux,  is  not  so  much  due  to  the  pain  as  to  the  secondary 
effects  of  fatigue  and  sleeplessness.  It  must  not  be  forgotten,  therefore, 
that  the  intensity  of  pain  felt  does  not  depend  on  the  violence  of  the 
stimulus  to  the  pain  receptors.  In  cases  of  gross  neurological  lesion, 
such  as  that  which  produces  the  syndrome  thalamique  of  Eoussy,  the 
threshold  of  pain  is  actually  raised  in  the  affected  area,  but  the  intensity 
of  pain  felt  when  the  stimulus  does  produce  activation  is  enormously 
increased.  But  even  without  such  gross  lesions  pain  perception  may  be 
modified.  As  Rivers  [14]  has  shown,  pain  perception  may  be  altogether 
suppressed  by  the  activation  of  some  other  pattern.  An  airman,  whose 
arm  was  broken  by  a  machine-gun  bullet,  described  how  he  felt  no 
pain  whatever  until  he  had  landed  his  machine. 

If  a  patient  complains  of  pain,  can  we  say  it  is  all  his  imagination, 
and  that  he  feels  no  pain  '?  Writers  on  malingermg  recognize  this 
difficulty  but  base  their  conclusions  on  factors  pointing  to  demonstrable 
organic  causes  of  pain.  Thus  Jones  and  Llewellyn  (11)  state  that 
"  the  expert  should  not  dismiss  an  alleged  pain  as  imaginary  or  simu- 
lated till  he  has  excluded  the  possibility  of  an  organic  cause."  These 
authors  also  discuss  hysterical  pain  as  being  associated  with  hystero- 
genic zones  and  stigmata  of  hysteria.  We  are  convinced  that  such 
criteria  are  valueless,  and  that  unless  one  can  discover  the  patient  in 
actual  fraud  the  subjective  description  of  the  patient  should  be  accepted 
as  a  measure  of  the  pain  he  actually  experiences.  In  practice  of  course 
it  is  not  possible  to  relieve  the  ultra-sensitive  person  from  his  aches 
and  pains,  and  we  have  frequently  to  tell  him  to  carry  on  and  not 
make  a  fuss,  but  it  is  as  well  to  recognize  that  we  are  falling  back  on 
the  rigorous  principle  of  natural  selection  in  which  the  weakest  goes 
perforce  to  the  wall. 

Our  next  inquiry  must  be  as  to  the  nature  of  pain  and  how  it  is 
perceived.  Like  other  sensations  that  have  reached  the  stage  of 
organization  which  we  can  recognize  in  man,  pain  presents  two  aspects 
for  our  investigation — one  affective  and  the  other  cognitive.  The  first 
constitutes  the  feeling  aspect — it  has  much  in  common  with  the  primi- 
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tive  type  of  feeling  of  unpleasure  {Unhist),  and  is  often  referred  to  by 
the  word  pain.  This  unpleasure.  as  Freud  [3]  and  Fechner  [2]  point 
out,  represents  what  they  call  a  state  of  extreme  psychical  tension  or 
instability,  and  this  is  characteristic  of  phenomena  of  nervous  activity 
released  from  cortical  control  or  insufficiently  integrated  to  involve 
cortical  control.  For  example,  the  epileptiform  convulsion  and  the 
various  dilircs,  the  psychopathology  of  which  is  described  by 
Janet  [10],  Hence,  this  view  of  unpleasure  probably  explains  why 
even  in  normal  people  extremes  of  other  sensations  present  an  afifective 
aspect  practically  indistinguishable  from  pain,  for  at  these  intensities 
they  are  no  longer  wholly  subject  to  cortical  control,  and  there  is  over- 
stimulation of  afifective  patterns  at  the  thalamic  level. 

It  seems  probable  that  in  certain  cases  of  anxiety  neurosis  un- 
pleasure associated  with  ideas  and  not  with  sensation  is  actually 
perceived  as  pain.  The  cognitive  aspect  of  sensation  consists  of  the 
discrimination  of  quality  and  reference  in  space  which  is  associated 
with  cortical  sensory  areas.  As  a  matter  of  fact,  pain  is  more  afifective 
and  less  cognitive  in  its  presentation  than  other  sensations,  and  in 
accordance  with  this  Head  has  found  that  pain  is  practically  unrepre- 
sented on  the  cortex,  and  that  superficial  lesions  of  the  cortex  have  no 
efifect  on  the  pain  sensation.  Subcortical  lesions  do,  however,  affect  it, 
and  the  most  striking  effects  are  produced  in  conditions  of  the  thalamic 
syndrome  of  Eoussy  and  Dejerine,  in  which  the  fibres  passing  from  the 
thalamus  to  the  cortex  are  interfered  with.  Under  these  conditions 
afifective  reactions  of  all  sorts  are  released  from  cortical  control. 
Amongst  these  are  the  affective  reactions  of  pain  which  are  felt  with 
unusual  intensity.  As  a  result  of  such  a  lesion,  acute  pains  are  present 
which  are  persistent,  paroxysmal,  and  often  intolerable,  yielding  to  no 
analgesic  treatment.  Head  [5]  makes  it  clear  that  these  pains  are  due 
to  stimuli  from  some  part  of  the  afferent  tract  associated  with  pain 
receptors,  and  that  they  are  due  to  an  affective  over-reaction.  Along 
with  Holmes  he  established  that  there  were  two  independent 
mechanisms  associated  with  the  production  of  pain — superficial  and 
deep.  All  impulses  capable  of  generating  pain  become  grouped  together 
in  the  same  path,  and  whether  they  arise  in  the  skin  or  in  the  deeper 
structures,  they  become  arranged  according  to  functional  similarity. 
Then,  after  a  longer  or  shorter  course,  they  pass  to  the  opposite  side  of 
the  spinal  cord,  and  the  tracts  so  formed  run  up  to  the  optic  thalamus 
without  re-grouping,  although  there  may  be  one  or  more  relays  of 
cells.     There  is  evidence  to  show,  however,  that  the  grosser  forms  of 
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pain,  such  as  that  produced  by  excessive  pressure,  may  pass  by  an 
alternative   route. 

The  function  of  the  optic  thalamus  in  relation  to  pain  sensation  is 
one  of  great  importance,  and  Head  describes  it  thus :  "  The  essential 
organ  of  the  optic  thalamus  is  the  centre  of  consciousness  for  certain 
elements  of  sensation ;  it  responds  to  all  stimuli  capable  of  evoking 
either  pleasure  or  discomfort  or  consciousness  of  a  change  of  state. 
The  feeling  tone  of  somatic  or  visceral  sensation  is  the  product  of 
thalamic  activity,  and  the  fact  that  any  sensation  is  devoid  of  feelin^ 
tone  (e.g.,  posture)  shows  that  the  impulses  which  underlie  its  production 
make  no  thalamic  appeal."  The  thalamus  undoubtedly  represents  the 
highest  level  of  an  older  (protopathic)  system  of  sensation,  which,  as 
Eivers  has  shown,  has  been  suppressed  by  and  fused  with  the  more 
recent  cortical  system.  As  Head's  experiments  showed,  the  function  of 
this  older  system  is  restored  earlier  after  lesion  of  a  peripheral  nerve 
than  is  that  of  the  newer  epicritic  system.  Under  these  circumstances 
the  response  to  pain  stimuli  is  characteristic.  The  pain  seems  to  radiate 
from  the  point  of  stimulus  through  the  surrounding  tissues,  and  its 
reference  in  space  is  vague  and  inaccurate,  though  not  abolished. 

It  should  be  made  clear  that  perception  of  pain  is  due  to  the  recep- 
tion by  the  thalamus  of  stimuli  from  some  part  of  the  afferent  pain 
fibres,  whether  from  the  end  organs  in  the  pain  spots  in  the  skin,  or  in 
the  deeper  structures,  or  as  a  result  of  irritation  at  the  level  of  the 
dorsal  roots,  as  occurs  in  meningeal  involvement,  or  at  higher  levels. 
Some  misconception  seems  to  arise  at  times  from  the  expression  ''  pain 
of  central  origin,"  used  to  describe  apparently  spontaneous  pain  occur- 
ring in  certain  lesions  of  the  central  nervous  system.  The  most  notable 
example  of  this  is  met  with  in  Eoussy's  syndrome  referred  to  above,  but 
Head  has  shown  that  these  pains  are  due  to  excessive  affective  response 
to  ordinary  stimuli  of  pain,  or  even  of  other  sensations  such  as  heat  and 
cold.  Some  doubtful  cases  have  been  described  in  pontine  lesions,  and 
there  is  Mann"s  classical  case  where  such  pains  developed  after  a  lesion 
of  the  right  half  of  the  bulb.  This  probably  has  a  similar  explanation 
to  those  cases  described  by  Holmes  [6]  in  association  with  injuries  to 
the  spinal  cord,  especially  in  the  cervical  region.  These  he  ascribed  to 
lesions  of  the  ventro-lateral  columns,  insufficient  to  interfere  with  con- 
ductivity but  sufticient  to  modify  the  impressions  that  pass  through  the 
affected  fibres.  The  so-called  spontaneous  pains,  in  so  far  as  they  are 
independent  of  peripheral  excitations,  are  probably  due  to  the  irritative 
effects  of  these  lesions  on  the  conducting  fibres  ;  and  the  rarity  of  these 
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pains  probably  depends  on  the  infreqnency  of  that  type  and  degree  of 
pathological  change  that  can  irritate  the  fibres  and  yet  not  block 
conduction  through  them. 

As  has  been  said  before,  the  persistence  of  hysterical  pain  may  be 
due  to  the  strength  of  the  suggestion,  or  to  the  interaction  of  suggestion 
with  a  complex.  In  either  case  the  pain  will  be  of  much  the  same 
character,  since  suggestion  is  a  constant  factor.  Such  suggested  pain 
is  usually  the  sequel  of  pain  due  to  so-called  organic  causes,  though  it 
may  be  intensified  by  l)ecoming  the  vehicle  of  expression  in  conscious- 
ness of  other  affective  reactions,  and  will  be  of  greater  or  less  severity 
according  to  the  suggestibility  of  the  patient.  Suggestions  are  more 
readily  induced  in  extrovert  or  tough-minded  persons,  and  less  so  in 
introvert  or  tender-minded  persons,  but  once  the  introvert  has  accepted 
the  suiTSestion  he  will  tend  to  brood  over  it  and  elaborate  it  until  it 
becomes  a  dominant  factor  in  his  mind.  In  both  types  the  readiness 
with  which  a  person  will  accept  suggestion  depends  on  the  inefficiency 
of  inte<^ration  of  his  brain  patterns,  and  so  pain  accepted  as  a  suggestion 
will  not  be  under  proper  cortical  control. 

Hysterical  pain  may  be  referred  to  any  part  of  the  body,  and  may 
be  described  in  as  many  different  terms  as  there  are  qualifications  to  the 
word  pain.  These  pains  will,  however,  be  affective  in  character,  that  is 
to  say  their  localization  will  be  inexact  and  their  intensity  will  be  out  of 
all  proportion  to  the  stimulus  arousing  them. 

It  is  manifest  that  it  would  be  profitless  to  discuss  all  possible 
varieties  of  hysterical  pain  ;  all  we  propose  to  do  is  to  refer  to  certain 
types  of  pain  which  present  special  interest  from  the  point  of  view  of 
diagnosis,  psychopathology  or  treatment. 

Headache. 

The  only  feature  common  to  all  forms  of  headache  is  pain  referred 
to  the  head.  Certain  pains  may  be  described  as  headache  by  the 
patient,  e.g.,  the  pain  of  fibrositis  of  the  scalp  above  mentioned  ;  but 
really  these  are  cases  with  peripheral  reference  of  pain  just  as  much  as 
those  cases  in  which  pain  is  referred  to  parts  of  the  body  remote  from 
the  head.  Can  it  be  that  there  is  some  broad  and  fundamental  distinc- 
tion between  headache  and  other  types  of  pain  ? 

Hysterical  headache  is  a  recognized  clinical  .entity;  its  protean  forms 
however  .suggest  that  description  based  on  situation  and  type  of  pain 
have  little  or  no  value. 

Behaviour  is  response  of  the  organism  to  environment,  and  as  we 
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have  already  seen,  it  is  modified  by  the  conditioning  of  pre-existent 
patterns  and  their  corresponding  engrams.  Hysterical  symptoms 
represent  responses  involving  engrams  modified  through  the  agency  of 
suggestion  and  complex  formation.  The  complex  itself  indicates  former 
responses  on  the  social  level.  Hysterical  symptoms  then  represent 
responses  at  the  psycho-social  level,  and  one  of  the  most  characteristic 
features  of  this  type  of  response  is  some  degree  of  cortical  or  subcortical 
dissociation. 

The  symptoms  of  organic  disease  on  the  other  hand  represent 
response  of  the  organism  to  internal  somatic  factors,  e.g.,  inflammatory 
foci,  and  a  prominent  sign  that  pain  is  of  organic  origin  is  that  it  has 
peripheral  reference.  The  response  of  the  organism  in  cases  of  organic 
origin  is  then  at  a  lower  level  than  in  hysteria.  It  may  be  described 
as  a  response  at  the  psycho-physiological  level,  and  as  a  rule  this  latter 
form  of  response  does  not  involve  any  dissociation  at  cortical  levels. 
Hence  relatively  accurate  discrimination  of  and  spatial  reference  of 
pain  is  present.  Should  the  local  lesion  produce  some  degree  of  toxaemia, 
interference  with  the  highest  cortical  levels  occurs.  Such  interference 
may  reasonably  be  presumed  to  produce  a  condition  akin  to  cortical 
dissociation  in  some  degree. 

On  this  basis  of  dissociation  at  cortical  levels,  with  consequent 
release  and  enhanced  thalamic  activity,  it  is  possible  to  find  common 
ground  for  all  headaches,  hysterical,  toxaemic,  or  the  exhaustion  headache 
of  true  neurasthenia. 

Pains  in  and  around  the  head  associated  with  organic  lesions,  e.g., 
sinusitis,  dental  abscess  or  meningitis,  are,  in  early  stages  at  any  rate, 
clearly  circumscribed,  that  is  they  have  peripheral  reference.  It  is 
only  in  the  later  stages  when  through  fatigue  or  injury  to  the  cortex 
cerebri,  as  in  the  case  of  meningitis,  that  diffuse  headache  results. 
This  is  the  stage  of  dissociation.  Even  at  this  stage  there  may  be  some 
vague  localization  of  the  headache,  corresponding  to  the  vague  powers 
of  spatial  reference  possessed  by  the  thalamus. 

Possibly  in  this  conception  of  cortical  dissociation  lies  the  explana- 
tion of  the  functional  element  in  painful  conditions  generally.  "We  are 
all  familiar  with  the  fact  that  intense  intellectual  preoccupation  may 
suppress  even  severe  pain.  In  this  connection,  however,  the  direction 
of  interest  is  of  course  important  and  presents  certain  difficulties.  Con- 
centration of  attention  upon  a  vague,  uncomfortable  sensation  may 
enhance  its  affective  intensity,  until  it  is  appreciated  as  intense  pain  ; 
whereas,  concentration  upon  some  extraneous    subject  results  in  sup- 
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pression  of  the  sensation  of  discomfort.  It  must  be  admitted  therefore 
that  partial  cortical  dissociation  may  in  no  way  prevent  the  "self  as 
knower  ''  from  directing  attention  either  towards  or  away  from  the 
"  self  as  known." 

Certain  cases  of  cortical  injury,  e.g.,  by  gunshot  wounds,  which 
have  been  associated  with  well-marked  pain,  indicate  clearly  the  ebb 
and  riow  of  peripheral  pain  and  headache,  according  as  the  patient's 
attention  is  directed  towards  his  symptoms  or  away  from  them  to  his 
environment.  In  these  cases  the  evidence  of  some  degree  of  [)artial 
cortical  decontrol  has  been  unequivocal. 

To  abolish  entirely  the  power  of  introspection,  cortical  decontrol 
must  be  practically  complete,  as  in  epilepsy,  in  which  case  loss  of 
consciousness  results. 

The  after-headache  in  epilepsy  corresponds  presumably  with  the 
period  of  gradual  return  of  cortical  control.  Partial  dissociation  is 
indicated  by  automatic  activities,  by  drowsiness,  &c.,  while  the  appear- 
ance of  headache  indicates  some  degree  of  re-establishment  of  higher 
control,  since  the  patient  must  be  able  to  direct  his  attention  more  or 
less  m  order  to  appreciate  the  headache. 

To  sum  up  then,  there  are  no  striking  features  pathognomonic  of 
hysterical  headache  ;  but,  speaking  generally,  it  is  affective  in  character 
and  vaguely  localized,  its  severity  depends  largely  on  the  attention  it 
claims  and  bears  no  relation  to  the  intensity  of  the  stimulus,  if  indeed 
any  stimulus  can  be  discovered.  In  diagnosis  the  process  of  exclusion 
and  considerations  of  probability  must  be  employed.  The  psychogenic 
origin  is  to  be  found  in  suggestion  and  the  interaction  of  the  latter 
with  a  complex,  while  the  physiological  explanation  lies  in  synaptic 
dissociation  at  or  near  cortical  levels,  which  unmasks  the  primitive 
sensory  mechanisms  of  the  thalamus. 

Painful  Scaks. 

Scars  healthy  in  appearance  and  not  associated  with  any  known 
pathological  condition  are  not  infrequently  the  seat  of  pain.  On 
examination  such  scars  often  present  the  usual  characteristics  of  proto- 
pathic  sensibility.  In  some  cases  pain  is  strictly  localized  within  the 
scar  and  a  small  neuroma  can  be  found ;  but  the  presence  of  the 
neuroma  is  sufficient  to  exclude  such  a  case  from  the  category  under 
consideration. 

There  is  a  second  class  of  case  which  may  be  associated  with  areas 
of   protopathic    sensibility,    and    liable    to   be    regarded    as   hysterical. 
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Nerve  trunks  caught  in  scar  tissue  may  cause  areas  of  protopathic 
sensibility  in  the  region  of  peripheral  distribution  of  the  nerve.  For 
instance,  in  one  case  the  iho-hypogastric  nerve  caught  in  the  scar  of  a 
kidney  incision  caused  protopathic  discomfort  of  a  very  intense  kind 
over  the  region  of  the  cfecum.  This  was  cured  by  division  of  the  nerve 
high  up,  but  not  before  the  patient  had  been  submitted  to  an  abdominal 
section  for  colopexy  and  a  further  operation  of  colectomy  was  threatened. 
Somewhat  late  in  the  day  the  possibility  of  hysterical  pain  was  suspected, 
and  before  the  patient  was  allowed  to  undergo  the  operation  for  removal 
of  her  colon  she  was  referred  for  examination  from  the  neurological 
standpoint  and  the  cause  of  her  pain  was  discovered.  Here,  then,  is  an 
organic  condition  liable  to  be  mistaken  for  hysterical  pain. 

Passing  to  true  cases  of  hysterical  pain  in  relation  to  scars  we  have 
to  consider : — 

(1)  Cases  in  which  suggestion  plays  a  large  part. 

(2)  Cases  of  hysterical  perpetuation  of  pain,  originally  of  organic 
origin. 

Both  types  are  presumably  due  to  cortical  dissociation  and  show  the 
characteristics  of  enhanced  thalamic  activity.  They  show  their  essential 
similarity  in  that  one  method  of  treatment  can  cure  both,  though  the 
first  class  of  case,  that  in  which  suggestion  plays  a  large  part,  is  not  in- 
frequently quite  easily  cured  by  some  gross  form  of  counter-suggestion. 
For  instance,  an  intensely  painful  scar  following  an  operation  for 
varicose  veins  was  quickly  cured  by  a  superficial  skin  incision  under  gas, 
made  ostensibly  for  the  division  of  a  sensory  nerve,  but  no  nerve  was 
divided  at  the  operation. 

The  form  of  treatment  which  has  been  shown  to  be  successful  in  the 
treatment  of  both  types  of  cases  referred  to  above  is  hyperstimulation  of 
the  painful  skin  area  involved.  Three  typical  cases  in  illustration  may 
be  referred  to  briefly  : — 

(1)  A  sensitive  skin  area  on  the  back  of  the  neck  originating  from  an 
attack  of  herpes  eighteen  months  previously  ;  the  skin  looked  normal 
but  was  the  seat  of  intense  protopathic  sensibility  and  prurigo. 

(2)  A  painful  area  in  the  palm  of  the  hand,  following  a  gunshot 
injury  at  the  wrist  which  involved  the  median  nerve ;  this  patient 
could  not  bear  the  lightest  touch  in  the  groove  between  the  thenar 
eminence  and  the  rest  of  the  palm.  The  condition  had  lasted  nearly 
two  years  from  the  date  of  the  injury. 

(3)  A  case  of  painful  leg  and  foot,  with  an  area  of  special  tender- 
ness in  the  hollow  of  the  instep,  which,  though  not  of  the  same  hys- 
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terical  type  as  the  above,  since  it  resulted  from  a  central  instead  of  a 
peripheral  injury,  supports  our  contention  of  the  similarity  of  hysterical 
pain  in  general,  inasmuch  as  the  same  sort  of  treatment  is  of  service. 
This  case  started  with  a  typical  thalamic  syndrome  following  a  gunshot 
wound  of  head,  necessitating  a  small  trephining  operation.  The  early 
acute  symptoms  slowly  subsided,  but  four  years  later  the  discomfort  was 
so  great  that  the  patient  was  very  lame  and  had  developed  a  talipes 
varus  to  avoid  contact  between  this  painful  area  in  the  sole  of  the  foot 
and  the  ground.  There  had  been  a  transient  hemiplegia,  but  when  the 
patient  came  under  our  observation  there  were  no  signs  of  organic 
paralysis. 

These  three  cases  were  all  submitted  to  hyperstimulation  of  the 
painful  skin  areas.  The  rationale  of  the  treatment  was  carefully 
explained  to  each  patient  before  treatment  was  actually  instituted.  An 
explanation  on  the  following  lines  was  usually  employed  :  "  At  the  time 
you  were  wounded,  or  when  you  were  first  ill,  the  nerves  of  sensation 
conveyed  messages  as  far  as  a  low  level  in  your  brain.  x\t  this  level 
sensation  is  interpreted  very  vaguely,  simply  as  pain  or  something  un- 
pleasant. The  highest  levels  of  your  brain,  which  deal  with  fine 
discrimination  of  all  varieties  of  sensation,  were  temporarily  put  out  of 
action.  This  state  of  affairs  has  continued  long  after  physical  recovery 
of  the  injury  has  taken  place.  Because  you  dread  all  sensation  coming 
from  the  afifected  area,  your  brain  is  still  involuntarily  blocking  the 
stream  of  sensation.  You  must  now  learn  to  tolerate  all  forms  of 
maximal  sensory  stimuli ;  by  so  doing  all  ordinary  forms  of  stimulation, 
e.g.,  contact  with  the  air,  with  clothes,  with  the  ground,  will  cease  to 
arouse  your  attention,  much  less  your  fear  or  dread.  When  this  stage 
is  reached  the  blocking  of  sensory  impulses  to  the  highest  discriminating 
levels  of  your  brain  will  have  ceased,  and  once  more  you  will  appreciate 
all  sensations  at  their  true  value." 

We  have  not  found  it  difficult  to  get  patients  to  submit  to  increasing 
stimulations,  provided  the  treatment  is  carried  out  sympathetically  and 
gradually. 

The  forms  of  stimulation  used  have  included  rubbing,  kneading, 
smacking  with  the  palm  of  the  hand  or  with  leather  straps,  the  faradic 
brush,  catching  a  cricket  ball,  skipping  or  hopping  on  the  tender  foot  ; 
also  extremes  of  heat  and  cold,  e.g.,  metallic  contacts  and  hot  water. 

liesults  have  been  decidedly  encouraging.  In  the  case  following 
herpes,  the  patient,  an  elderly  man  who  was  worn  out  with  loss  of 
sleep,  found  great  relief,  and  in  about  fourteen  days  he  was  sleeping 
quite  well. 
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The  patient  with  the  tender  hand  was  able  to  catch  a  cricket  ball, 
thrown  hard  at  him,  by  the  end  of  four  weeks,  and  he  was  also  able  to 
enjoy  sculling  exercise  on  the  river. 

The  patient  with  the  head  injury  made  considerable  improvement 
over  about  five  weeks. 

In  all  we  have  treated  thirty-eight  cases  with  success  by  this 
method. 

The  crude  explanation  offered  above  is  pragmatically  useful  in 
dealing  with  patients,  but  it  is  no  easy  matter  to  find  a  scientifically 
satisfactory  theory  to  account  for  the  phenomena.  Starting  from  the 
idea  of  dissociation  of  cortical  control  unmasking  thalamic  sensibility  in 
the  case  of  hysterical  pain  in  scars,  it  is  difficult  to  understand  why  a 
few  weeks  of  hyperstimulation  can  secure  a  more  or  less  complete 
return  of  normal  sensation  in  the  affected  area. 

As  a  rule  all  these  patients  are  obsessed  with  their  pain  and  dis- 
comfort, and  concentrate  a  great  deal  of  attention  upon  them,  or  rather 
upon  means  whereby  the  dreaded  pain  may  be  avoided.  Apparently 
this  concentration  in  itself  acts  as  an  inhibition,  whereby  reassociation 
between  thalamic  and  cortical  levels  is  prevented.  It  may  be  that  in 
this  method  of  treatment  we  are  dealing  with  phenomena  closely  akin 
to  what  obtains  in  the  process  of  free  association  in  psycho-analysis. 
This  may  be  clearer  if  expressed  in  neurological  terms.  Deliberate 
repression  by  an  "effort  of  will"  means  that  impressions  coming  from 
neurones  at  lower  levels  are  prevented  from  activating  the  most  highly 
integrated  neurones.  As  time  goes  on  it  is  quite  possible  that  this 
inhibition  may  take  place  at  lower  levels,  cf.  Hurst's  [8]  explanation 
of  the  abolition  of  the  blink  reflex  in  hysterical  blindness,  and  in  cases 
of  unconscious  repression,  where  inhibition  may  occur  at  comparatively 
low  levels  in  the  nervous  system.  However,  in  such  cases  as  those 
under  consideration,  the  inhibition  occurs  at  subcortical  levels  at  lowest, 
and  it  may  well  be  that  the  removal  of  the  effort  at  repression  alone 
does  much  to  remove  the  inhibition,  and  with  re-education  paths  from 
thalamic  to  cortical  sensory  levels  again  become  permeable. 

Visceral  Pain. 

Head  has  pointed  out  that  visceral  pain  belongs  to  the  pi'otopathic 
thalamic  system,  and  in  consequence  its  reference  is  vague  and  its 
intensity  extreme.  It  follows,  therefore,  that  in  this  region  hysterical 
pain  does  not  differ  materially  from  that  produced  by  organic  disease. 
For  this  reason  differential  diagnosis  presents    great    difficulties,   and 
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without  question  this  accounts  for  man}-  surgical  operations  performed 
in  all  good  faith  for  apparently  unequivocal  symptoms,  but  which  dis- 
close little  or  nothing  abnormal.  The  only  way  to  guard  against  such 
mistakes  is  the  greater  exactitude  of  diagnosis  and  the  education  of 
surgeons  to  consider  mental  factors  in  their  patients,  for  though  such 
operations  occasionally  do  good  by  suggestion,  they  more  often  do 
incalculable  harm.  Just  as  in  other  parts  of  the  body  a  definite  organic 
condition  is  apt  to  serve  as  the  suggestion  which  established  an  hys- 
terical symptom,  so  in  the  abdomen  it  is  found  that  the  pain  of  a 
duodenal  ulcer  or  an  acute  appendix  will  be  perpetuated  as  an  hysterical 
symptom  which  will  persist  as  a  habit  pain,  or  because  it  is  of  use  to  a 
complex.  When  this  occurs  after  operation  it  too  often  happens  that 
a  diagnosis  of  adhesions  is  niade.  Once  the  patient  gets  hold  of  this, 
the  "organic  excuse"  allows  him  to  rationalize  on  his  hysterical 
symptom  and  therefore  makes  the  establishment  of  proper  cortical 
control  more  difficult  than  it  would  otherwise  have  been.  But  it  some- 
times happens  that  a  second  quite  unnecessary  operation  is  undertaken 
to  free  adhesions,  even  in  the  absence  of  any  obstructive  symptoms. 
Needless  to  say  this  only  makes  things  worse,  and  the  last  state  of  the 
patient  is  worse  than  the  first.  Two  examples  may  illustrate  how  the 
hysterical  symptom  may  be  induced  and  persist.  The  first  was  a  man 
who  while  in  a  small  tropical  station  acquired  a  duodenal  ulcer.  At  the 
same  time  he  developed  a  neurosis  as  a  result  of  various  domestic  and 
social  maladaptations,  which  resulted  in  a  marked  self-depreciation  and 
dread  of  going  out  and  mixing  with  people.  He  came  home  and  under- 
went an  operation  at  which  the  ulcer  and  all  the  symptoms  except  the 
pain  were  removed,  but  for  six  years  he  persistently  complained  of 
attacks  of  pain  similar  to  those  which  he  had  experienced  as  a  result 
of  his  ulcer.  On  closer  investigation  it  was  found  that  the  pains  only 
came  on  severely  when  his  wife  wanted  him  to  go  out  or  social  duties 
called  him  into  the  society  of  strangers.  The  pain  pattern  had  Ijeen 
drawn  into  the  complex  of  his  self-depreciation,  which  determined  his 
social  behaviour,  and  whenever  this  was  activated  the  pain  was  exper- 
ienced and  proved  a  useful  means  whereby  this  complex  controlled  the 
behaviour  of  the  patient. 

Another  case  was  that  of  a  boy,  who  while  in  France  in  the  line  had 
an  attack  of  acute  appendicitis.  He  had  had  a  good  deal  of  difficulty  in 
sticking  it  out,  and  this  probably  had  to  do  with  the  fact  that  after  the 
operation,  which  was  performed  in  the  end  of  July  1918,  the  vomiting 
and  pain  continued.      80  violent   was  this  that   it   was  thought  that 


HYSTERICAL    PAIN  235 

obstructive  adhesions  had  formed,  and  in  the  end  of  August  his  abdomen 
was  again  opened  but  no  abpormahty  was  found.  From  this  time 
matters  went  from  bad  to  worse  and  he  was  gi\en  morphine  for  the 
pain  and  was  fed  by  nutrient  enemata.  At  the  beginning  of  November, 
at  about  the  time  of  the  Armistice,  he  was  admitted  to  a  Neurological 
Hospital  and  in  three  days  was  on  normal  diet  and  was  suffering  no 
pain.  All  went  well  until  about  Christmas,  when  he  received  a  letter 
from  a  girl  with  whom  he  had  been  entangled  before  he  went  to  France 
and  from  whom  he  thought  he  was  free.  This  letter  gave  rise  to 
serious  conflict,  as  he  did  not  wish  to  tell  his  parents  about  this  affair 
and  without  their  help  could  see  no  way  of  escape.  At  once  he  started 
to  vomit  again  and  complained  of  and  obviously  suffered  severe  pain. 
When  urged  to  face  the  problem  and  come  to  a  decision  he  stated  that 
the  pain  was  so  bad  that  he  could  not  possibly  think,  but  the  influence 
gained  over  the  patient  by  the  previous  success  of  psychotherapy  made 
it  possible  to  get  him  to  give  his  mind  to  the  problem  and  solve  the 
conflict  next  day ;  with  this  the  vomiting  and  pain  disappeared  for  good. 
This  is  an  interesting  illustration  of  how  the  disorganization  of  cortical 
control  which  resulted  from  the  temporary  insoluble  but  quite  conscious 
conflict  allowed  the  activation  of  the  old  engram  with  its  thalamic  type 
of  response. 

In  cases  of  visceral  pain  then  it  is  impossible  to  diagnose  whether 
it  is  hysterical  or  not  from  the  type  of  pain,  since  all  such  is  thalamic  in 
character,  and  the  diagnosis  can  only  be  by  inference,  both  negative  and 
positive.  That  is  to  say,  by  the  absence  of  other  symptoms  and  signs 
which  should  be  present  were  the  lesion  organic,  and  by  the  recognition 
of  some  foregoing  suggestion  such  as  would  be  likely  to  determine  the 
pain  as  an  hysterical  symptom,  or  of  some  psychological  reason  for  the 
persistence  of  pain. 

It  may  be  well  to  notice  a  type  of  pain  which  is  often  referred  to  as 
hysterical  but  which  is  not  really  so.  This  is  the  pain  which  accom- 
panies muscular  contractures  which  are  themselves  hysterical.  One  of 
us  [4]  has  described  a  series  of  such  cases  which  occurred  as  hysterical 
complications  of  "rheumatic"  conditions.  "In  this  state  the  pain 
which  is  present  is  no  longer  due  to  inflammation,  but  to  the  cramp 
produced  by  the  muscles  which  are  being  held  in  a  state  of  abnormal 
tone,  and  to  the  stretching  of  fibrous  tissues  and  of  other  muscles,  as 
well  as  to  the  pressure  which  is  being  kept  up  on  abnormal  surfaces 
in  the  joints."  Such  pain  then  is  "  organic  "  in  character  and  exhibits 
accurate  reference  and  discrimination,  and  although  it  disappears  as  a 
result  of  psychotherapy  it  is  not  itself  hysterical  in  nature. 
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The  diagfnosis  of  hysterical  pain  can  only  be  reliably  established 
by  a  process  of  exclusion,  and  while  ap  examination  for  an  organic 
cause  should  be  thorough  it  should  be  carried  out  as  rapidly  as  is  conso- 
nant with  this  thoroughness,  and  with  the  greatest  care  to  avoid 
suggestion ;  for  otherwise  not  only  may  an  hysterical  symptom  be 
perpetuated  but  the  subjective  affective  element  in  the  pain  which  is 
experienced  may  be  increased.  The  old  search  for  hysterical  stigmata 
is  futile  and  misleading,  for,  as  Hurst  [9]  and  others  have  shown,  such 
stigmata  can  be  produced  as  fast  as  they  are  looked  for.  The  only 
positive  evidence  of  hysterical  pain  which  can  be  relied  on  at  all  is, 
if  there  has  been  a  strong  suggestion  to  determine  the  pain,  and  if 
the  presence  of  the  pain  may  be  of  such  use  to  a  well  established  com- 
plex as  to  outweigh  the  unpleasant  feeling  induced  in  the  personality 
as  a  whole. 

With  regard  to  treatment  little  more  need  be  said  here.  So  far  as 
the  suggestive  influence  is  concerned  it  may  be  removed  by  counter- 
suggestion  and  re-education,  and  so  far  as  involvement  in  a  complex 
is  concerned  this  latter  must  be  resolved  by  the  methods  now  familiar 
to  all  workers  in  this  field.  The  whole  object  of  such  treatment,  how- 
ever, must  be  to  re-establish  integration  on  the  cortical  level,  that  is  to 
say,  in  psychological  terms,  in  consciousness,  and  w^e  have  sought  to 
show  that  hysterical  pain  like  other  such  symptoms  is  a  dissociation 
from  this  level,  and  that  our  object  must  be  to  restore  integration. 
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Pathological  Findings  in  the  Central  Nervous  System  of  a 
Case  of  Myasthenia   Gravis. 

By  Sir  Frederick  W.  Mott,  and  Dr.  Y.  A.  Barrada. 

The  patient  joined  the  Army  in  August,  1914.  His  illness  began  in 
1918  with  weakness  of  his  lower  limbs  :  a  very  short  walk  "  did  him  in 
completely."  There  followed  progressive  weakness  of  all  his  limbs  but 
no  pain  or  parsesthesia  accompanied  this.  Two  weeks  later  fluid  began 
to  return  through  his  nose,  his  voice  became  weak,  and  chewing  food 
became  almost  impossible.  Major  Walshe  examined  him  in  July,  1918, 
and  found  the  masseter  and  temporal  muscles  exceedingly  feeble.  There 
were  marked  double  facial  paresis,  and  paresis  of  palate,  larynx  and 
pharynx.  The  whole  musculature  was  very  weak  and  readily  fatigued. 
Sensation  and  reflexes  were  normal.  Myasthenia  gravis  was  diagnosed. 
On  his  way  back  to  England  he  was  reported  to  be  liable  to  attacks  of 
respiratory  failure.  In  Septem])er,  according  to  a  report  of  the  Medical 
Officer  of  the  Maudsley  Hospital,  the  patient  had  partial  ptosis  of  the 
right  eye,  his  lips  parted,  and  the  smile  had  the  appearance  of  a  sneer. 
He  was  unable  to  wrinkle  his  forehead,  close  his  eyes  firmly,  whistle  or 
blow  out  his  cheeks;  and  he  was  unable  to  masticate  his  food.  Speech 
was  good  in  the  morning,  but  towards  evening  the  muscles  of  articula- 
tion tired  and  the  voice  became  slurred.  The  intercostal  muscles  were 
also  afiected.  He  had  diplopia  which  was  not  constant  in  position,  his 
knee-jerks  were  absent,  but  there  was  no  loss  of  sensation.  On 
February  19,  1919,  the  patient  had  an  attack  of  dyspnoea  which  con- 
tinued until  death,  which  took  place  the  same  day. 

The  post-mortem  was  performed  on  the  same  day  ;  the  following 
changes  were  found. 

The  thymus  weighed  more  than  70  grammes,  and  was  completely 
surrounded  by  a  thick  fibrous  capsule.     Microscopically  there  was  no 
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distinction  between  its  cortex  and  medulla  ;  the  tissue  was  composed 
of  a  mixture  of  faintly  stained  epithelioid  cells  with  large  vesicular 
nuclei  lying  side  by  side,  but  a  preponderance  of  lymphocytes  varying 
in  density  in  different  places  was  observable.  There  were  many 
S[)aces  filled  with  more  or  less  clear  eosin-stained  material  with  some 
epithelioid  cells  undergoing  colloid  degeneration,  and  a  few  lympho- 
cytes. These  spaces  were  lined  by  epithelioid  cells  arranged  in  a  layer 
with  the  long  axis  perpendicular  to  the  space.  Evidence  of  mitosis 
could  be  seen  in  these  epithelioid  cells.  There  were  no  eosinophil  cells, 
and  only  a  few  swollen  and  degenerated  Hassal's  corpuscles.  The 
capillary  blood-vessels  were  lined  by  unbroken  endothelium,  and 
contained   some  lymphocytes. 

Muscles. — Numerous  foci  of  lymphocytic  infiltration  (Buzzard's 
lymphorrhages),  varying  in  size,  were  found  in  the  diaphragm,  lying 
between  the  muscle  fibres.  The  muscle  fibres  themselves  appeared  to 
be  normal. 

The  nerve  fibrils  and  their  terminations  in  the  masseter  and  orbicu- 
laris palpebrarum  muscles  were  stained  by  Dogiel's  method  with  intra- 
vitam  methylene  blue,  and  appeared  to  be  normal. 

Central  7iervous  system. — There  was  general  diminution  of  the 
basophil  substance  throughout  the  central  nervous  system.  This  was 
most  marked  in  the  small  and  large  cells  of  the  thalamus  and  was  asso- 
ciated with  vacuolation,  eccentric  nuclei,  invasion  by  satellite  cells  and 
increased  neuroglia.  Similarly,  the  third  nerve  nucleus  showed  very 
marked  changes,  but  to  a  less  degree  than  the  thalamus  ;  in  the  trochlear 
nucleus  they  were  still  less  pronounced.  The  other  cranial  nerve  nuclei  as 
well  as  the  anterior  horn  cells  of  the  spinal  cord  showed  very  little 
basophil  change,  although  here  and  there  some  cells  were  found  with 
marked  chromatolysis,  eccentric  nuclei  and  swollen  and  vacuolated 
cytoplasm. 

With  Scharlach  and  Nile  Blue  stains,  widespread  lipoid  changes  were 
ob-served  in  the  cells,  and  were  noted  to  correspond  in  their  intensity  to 
the  amount  of  chromatolysis,  These  lipoid  granules  were  also  found  in 
the  perivascular  spaces,  which  afford  a  proof  of  the  lipoid  change  having 
occurred  prior  to  death.  It  is  noteworthy  that  the  changes  observed  in 
the  cortex  and  cerebellum  were  less  pronounced  than  in  the  above- 
mentioned  regions. 

There  was  general  congestion  of  blood-vessels,  but  no  haemorrhages. 
No  lymphorrhages  were  found  anywhere. 

Unfortunately  no  other  tissues  were  obtainable  for  examination. 
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As  regards  the  pathogenesis  of  myasthenia  gravis,  the  view  is  gaining 
ground  that  it  is  primarily  due  to  some  form  of  autotoxin  resulting 
from  a  disturbance  of  the  internal  secretions  or  disordered  metabolism, 
which  exerts  a  deleterious  effect  on  the  functions  of  the  muscles.  An 
exotoxin  seems  to  be  capable  of  exerting  similar  influence,  since  myas- 
thenia has  been  observed  to  follow  infectious  diseases  and  such  poisons 
as  barium  salts,  chlorine  gas,  war  gas,  Sec.  The  fact  that  in  the  myas- 
thenic electrical  reaction  the  muscle  reacts  well  to  galvanism  after 
complete  exhaustion  to  faradism,  suggests  that  the  primary  seat  of 
fatigue  is  at  least  not  limited  to  the  muscle.  Further,  there  is  not 
sufficient  evidence,  on  pathological  grounds,  to  show  that  the  muscles 
or  nerves  are  directly  responsible  for  the  phenomena  of  fatigue  exhibited 
by  the  patients  in  voluntary  movements.  Considering  these  facts,  and 
that  cellular  changes  in  the  nervous  system  have  been  described  by 
Kalischer,  Widal,  Marinesco,  Murri,  Guthrie,  Leclerc  and  Savornat,  it 
is  quite  possible  that  the  changes  in  the  central  nervous  system  found 
in  this  case  may  be  correlated  with  the  manifestations  of  myasthenia. 

DISCUSSION. 

Dr.  Gordon  Holmes  stated  that  though  he  could  not  doubt  the  correct- 
ness of  the  observations  made  by  the  authors,  he  could  not  accept  them  as 
explaining  the  disease  from  either  the  pathological  or  clinical  standpoint.  In 
the  first  place  it  was  surprising  that  the  clianges  as  were  here  described  have 
not  been  detected  previously  in  the  large  number  of  cases  of  myasthenia  gravis 
which  had  been  examined  by  competent  neuro-pathologists.  In  the  second 
place  he  did  not  see  how  the  clinical  phenomena  of  the  disease,  and  especially 
the  localized  muscular  disturbances  which  were  present  in  many  cases,  could 
be  explained  by  them.  He  pointed  out  that  single  muscles  or  irregular  groups 
of  muscles  only  might  show  prominent  changes,  such  as  orbicularis  oculi  or 
oris,  or  as  in  a  case  at  present  under  his  care  the  triceps,  and  asked  how  this 
localization  could  be  accounted  for  by  such  a  diffuse  and  general  affection  of 
he  central  nervous  system,  for  cerebral  affections  lead  to  disturbances  of 
inovement  and  not  of  the  functions  of  individual  muscles.  It  was  also  striking 
that  despite  such  changes  the  symptoms  were  practically  limited  to  the  motor 
system.  It  seemed  to  him  that  all  the  pathological  findings  which  had 
accumulated  during  the  last  twenty  years,  since  Weigert  originally  pointed  out 
the  association  of  myasthenic  symptoms  with  tumours,  hyperplasias  or  per- 
sistence of  the  thymus  gland,  indicated  that  disturbances  of  the  normal 
functions  of  this  gland  must  play  an  important  part  in  the  pathogenesis  of  the 
symptoms.  In  six  of  the  eight  cases  which  he  had  himself  examined  by 
autopsy  there  were  either  tumours  or  enlargements  of  the  thymus.  It  seemed 
to  him  that  it  was  only  from  further  studies  of  the  physiology  of  the  thymus 
that  we  could  expect  much  light  on  the  pathology  of  this  disease. 
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Dr  Walsh E  asked  how  Sir  Frederick  Mott  would  explain  the  ahsence  of 
mental  and  other  symptoms  if  the  lesions  of  the  central  nervous  system  which 
he  and  Dr.  Barnida  hud  described  were  of  patholofiical  significance.  He  felt 
convinced  that  the  paper  threw  no  light  on  the  nature  of  myasthenia  gravis. 

Dr.  Greenfield  also  insisted  on  the  importance  and  frequency  of  tumours 
and  the  enlargements  of  the  thymus  ;  negative  observations  seemed  to  him  of 
little  value  unless  the  mediastinum  was  carefully  and  systematically  searched, 
since  thymus  tissue  could  be  easily  overlooked  in  the  fat  of  this  region.  In 
three  cases  on  whicli  he  had  recently  performed  autopsies  the  thymus  was 
l)ersistent,  and  though  not  much  enlarged  each  consisted  of  glandular  tissue  and 
was  obviously  functional.  Microscopical  examination  revealed  proliferation 
of  tlie  epithelioid  cells,  which  in  places  seemed  to  be  going  on  to  the  formation 
of  Hassals  corpuscles.  It  is  difiicult,  however,  to  say  whether  these  changes 
in  the  thymus  are  primary,  or  secondary  to  the  disease  of  some  of  the  other 
endocrine  glands.  He  lias  failed  to  find  any  lesions  in  tlie  parathyroids  that 
could  support  Chvostek's  hypothesis.  In  one  of  his  cases  there  was  certainly 
no  excess  of  lipoid,  such  as  has  been  described  by  Mott  and  Barrada,  in  the 
nerve  cells. 

Dr.  St.monds  referred  to  some  ergographic  observations  he  had  recently 
made,  which  could  be  most  easily  interpreted  by  assuming  a  lesion  in  tlie 
nervous  mechanisms  of  movement.  First,  he  determined  the  strength  of  a 
faradic  current  necessary  to  produce  a  brisk  response  of  a  muscle  ;  then  he 
exhausted  the  muscle  by  voluntary  contraction,  and  when  it  no  longer  con- 
tracted to  voluntary  stimuli  he  found  that  he  could  immediately  obtain  an 
undiminished  response  to  the  same  strengtli  of  faradic  current.  He  also 
referred  to  the  pains  and  other  sensory  symptoms  that  are  occasionally 
observed  in  the  disease.  He  described  a  case  which  had  recently  died  under 
his  care,  in  which,  in  addition  to  weakness  of  the  muscles  of  the  jaw  and  of 
the  external  ocular  muscles,  clonic  twitchings  of  the  right  limbs  and  disturb- 
ances of  speech  occurred.  There  was  also  loss  of  taste.  This  patient  had 
very  severe  dental  sepsis  and  he  suggested  that  toxins  carried  from  the  mouth 
to  the  brain  may  have  induced  the  changes  which  excited  symptoms  of  the 
disease.  Post-mortem  examination  revealed  an  enlargement  of  the  thymus 
and  cellular  infiltration  of  the  muscles. 

Dr.  BiRLEY  said  that  it  seemed  to  him  that  there  was  no  evidence  that  the 
case  referred  to  by  Dr.  Symonds  was  one  of  myasthenia  gravis  ;  it  was  much 
more  probable  that  the  so-called  myasthenic  symptoms  were  due  to  a  neuritis 
of  the  cranial  nerves. 

Dr.  Feiling  stated  that  he  discovered  no  enlargement  or  persistence  of  the 
thymus  in  three  cases  on  which  he  had  made  post-mortem  examinations,  though 
the  effect  of  pregnancy  on  the  disease  suggested  that  some  endocrine  disturbance 
played  a  part  in  it  at  least. 

Sir  Frederick  ^Iott  in  reply  pointed  out  that  he  did  not  regard  the 
changes  which  he  and  Dr.  Barrada  had  discovered  in  the  central  nervous  system 
as  definitely  proven  to  be  the  cause  of  the  disease,  though  they  were  certainly 
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significant.  He  could  not  deny  that  the  frequent  enlargement  of  the  thymus 
was  important,  but  its  exact  cause  was  still  a  matter  of  doubt  ;  it  may  be  only 
the  effect  of  a  general  endocrine  disturbance. 
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By  Dr.  A.  Feiling. 
(1)   Case  of  (?)  Progressive  Double  Atlietosis. 

A  boy,  now  aged  9,  was  a  normal  child  at  birth,  and  so  continued  until 
August,  1919,  when,  as  the  result  of  a  street  accident,  he  had  his  right  foot 
amputated.  After  recovery,  and  when  he  began  to  use  crutches,  involuntary 
movements  were  noticed  in  both  arms.  Later  these  movements  affected  the 
legs  as  well.  Three  years  ago  dribbling  from  the  mouth  began,  shortly  followed 
by  a  progressive  loss  of  speech.  Until  about  eighteen  months  ago  he  was  able 
to  swallow  well,  but  in  the  last  year  spasmodic  movements  of  the  jaws  have 
seriously  interfered  with  feeding.  The  mental  faculties  have  not  suffered.  He 
has  had  measles,  chicken-pox  and  erysipelas.  No  history  of  any  nervous  or 
mental  disease  in  the  family ;  there  are  three  other  children  alive  and  well ; 
one  child  died  of  pneumonia,  and  there  was  one  miscarriage  three  months  after 
marriage. 

On  examination  the  child  is  undersized.  He  is  now  quite  unable  to  speak 
but  he  can  indicate  by  signs  what  he  means  and  is  perfectly  intelligent,  though 
the  mental  state  is  retarded  for  his  years.  Pupils  and  optic  discs  normal.  No 
paralysis  of  the  ocular  muscles  or  of  the  face.  Constant  spasm  of  the  jaws 
leading  to  marked  grinding  of  the  teeth  and  interfering  with  feeding  and 
mastication.  The  tongue  can  hardly  be  protruded  at  all,  and,  when  it  is,  is 
deviated  to  the  left.     Swallowing  is  very  difficult  and  food  sticks  in  the  throat. 

The  arms,  and  especially  the  left,  are  the  seat  of  involuntary  movements. 
These  take  place  at  all  the  joints,  but  are  most  marked  at  the  shoulders.  They 
are  more  of  the  type  of  athetosis  than  anything  else.  There  is  no  actual 
paralysis.  There  is  not  much  alteration  in  the  muscular  tone,  though,  perhaps, 
some  hypertonus  is  present.  The  arm-jerks  are  present.  Similar  movements 
affect  the  legs,  but  the  right  more  severely.  The  knee-jerks  and  the  left  ankle- 
jerk  are  active.  The  left  plantar  response  is  somewhat  doubtful,  probably 
flexor.  No  loss  of  sensation  has  been  found.  He  is  quite  unable  to  stand  even 
with  assistance,  and  a  peg  leg,  and  now  cannot  sit  up  unaided. 

One  year  ago  the  Wassermann  reaction  in  the  blood  was  feebly  positive, 
but  the  cerebrospinal  fluid  was  quite  normal.  The  Wassermann  in  the  blood 
of  the  mother  is  negative.  He  was  treated  a  year  ago  with  antisyphilitic 
remedies,  mercury  and  iodide  and  inti'amuscular  injections  of  glucarsenol. 
Some  improvement  took  place,  but  recently  there  has  been  a  slow  deterioration, 
especially  in  the  power  of  swallowing. 


'242  PROCEEDINGS    OF    THE    SECTION    OF    NEUEOLOGY 

(2)  Case  of  Chronic  Mercuria]  Poisoning. 
By  Dr.  E.  A.  Carmichael. 

Patient,  a  male,  A.  S.,  aged  51,  tlierniometer  maker. 

History  :  Eighteen  months  ago  teeth  hecame  hlack  and  loose.  Twelve 
months  ago  gums  were  painful.  Three  months  ago  salivation  and  unsteadi- 
ness of  hands  with  "  tremhling  "  of  legs.  Two  months  ago  difiiculty  in  going 
upstairs,  followed  later  by  weakness  in  wrists.  Seven  weeks  ago  bad  occipital 
headaches  and  aching  in  knees  and  wrist.  Looseness  of  bowels  of  indefinite 
duration.  During  the  last  three  months  memory  has  been  very  bad  and 
speech  slurred.  No  history  of  stabbing  pains,  vomiting,  delusions  or  obnoxious 
taste. 

On  admission  :  Skin  of  body,  and  especially  of  face,  dirty  sallow  colour. 
Teeth  few  in  number,  black,  loose  with  retracted  gums.  Tongue  raw  looking. 
Arteries  slightly  thickened.  Fundi  normal.  Pupils  equal,  no  ocular  abnorma- 
lities. Lower  jaw  trembUng  as  if  silently  mumbling.  In  the  hands  and  legs 
similar  irregular  tremor.  Grasp  poor,  extensors  of  wrist  weak.  Plantar 
flexion  of  both  ankles  weak.  Reflexes  normal.  Diminution  to  pinprick  and 
cotton  wool  of  glove  distribution  on  arms,  over  legs  and  on  the  lower  trunk. 
Blood  count  and  pictui'e 'normal.  Gastric  contents  showed  diminution  of  free 
HCl.     Cerebro-spinal  fluid  and  blood  normal. 

The  patient  has  improved  considerably  since  admission. 

(3)   Case  of  Mtiscular  Atrophy  of  the  '"  Peroneal  "  type  apjoarently 

commencing  in,  and  confined  for  some  time  to,  the  right  hand. 

By  Dr.  C.  P.  Symonds. 

The  patient,  Mrs.  C.,  aged  32,  belongs  to  a  family  in  which  I  have  found 
nine  members  affected  by  the  disease  in  two  generations.  She  belongs  to  the 
senior  generation,  and  her  father  is  also  stated  to  have  suffered  from  the 
disease.  Her  sister,  Mrs.  B.,  aged  38  ;  her  niece,  Miss  B.,  aged  15  ;  and  her 
nephew,  Mr.  "William  C,  aged  17,  are  presented  as  typical  cases  of  peroneal 
muscular  atrophy. 

The  present  patient,  Mrs.  C,  states  that  she  has  noticed  from  childhood 
that  the  fourth  and  fifth  fingers  of  her  right  hand  would  not  straighten  out 
properly.  She  has  never  been  seriously  inconvenienced  by  weakness  of  either 
hand.  She  was  at  school  till  the  age  of  14,  then  in  domestic  service  for  six 
years,  married  at  23,  and  has  two  cliildren  aged  8  years  and  2  months,  whom 
I  have  seen,  and  who  appear  in  every  respect  normal.  The  deformity  of  the 
right  hand  was  recognized  by  the  family  from  childhood.  She  states  that  she 
has  suffered  from  no  illnesses  except  occasional  headaches,  and  that  she  has 
noticed  nothing  wrong  with  her  feet. 

Her  general  condition  is  good,  and  her  mentality  normal.  The  right  hand 
shows  wasting  of  the  intrinsic  muscles  of  moderate  degree.  This  is  essentially 
of  the  ulnar  type.     The  intrinsic  muscles  of  the  thumb  are  slightly,  if  at  all. 
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affected.  The  hand  is  deeply  hollowed,  the  hypothenar  eminence  is  lacking, 
all  the  palmar  and  dorsal  iuterossei  are  wasted  and  weak,  the  wasting  and 
weakness  roughly  corresponding.  The  left  hand  is  relatively  normal.  Both 
feet  show  pes  cavus  with  claw  toes.  This  is  of  moderate  degree  and  more 
pronounced  on  the  right  than'on  the  left.  Power  in  the  feet  and  legs  is  good 
on  the  whole,  though  dorsiflexion  is  somewhat  weak  on  the  right.  When 
examined  a  month  ago  fibrillary  twitching  was  noted  in  the  peronei  of  both 
legs,  being  more  noticeable  on  the  right.  Sensation  to  cotton-wool  and  pin- 
prick is  normal,  but  sense  of  position  is  slightly  impaired  on  the  toes.  Sensi- 
bility to  the  vibrating  tuning-fork  estimated  quantitatively  appears  diminished 
both  in  legs  and  arms.  The  ankle-jerks  could  not  be  obtained  ;  knee-jerks 
sluggish,  obtained  only  with  reinforcement ;  left  triceps-jerks  greater  than 
right  ;  supinator-jerks  not  obtained ;  abdominal  reflexes  present  and  equal, 
and  the  plantars  indefinite. 

Discussion. 

Dr.  Stanley  Barnes  referred  to  a  series  of  cases  in  which  he  had  found 
a  somewhat  similar  type  of  myopathy.  In  this  series  there  was  a  strong 
inheritance,  the  disease  could  be  traced  back  in  the  family  as  far  as  1804. 
One  of  the  most  unusual  features  was  the  degree  of  variation  at  different 
periods  of  life,  so  that  some  of  the  cases  appeared  at  one  stage  to  be  of  the 
true  hypertrophic  type,  at  another  of  the  juvenile  type,  and  in  one  case  at  a 
late  stage  it  might  have  been  thought  that  the  patient  was  suffering  from  the 
distal  type  of  myopathy-  He  expressed  his  interest  in  these  cases,  and  hoped 
it  would  be  possible  to  publish  both  series  at  the  same  time. 

Dr.  F.  J.  Nattrass  said  he  had  recently  seen  two  cases  of  this  disease  in 
brothers,  both  of  whom  had  double  drop-foot  due  to  w'asting  and  weakness  of 
the  anterior  tibial  groups  of  muscles,  but  in  both  the  peronei  still  retained 
good  voluntary  power.  Strong  faradism  failed  to  elicit  any  response  in  the 
tibiales  antici,  but  the  response  of  these  muscles  to  galvanism  was  almost  as 
brisk  as  normal.     The  peronei    contracted  well  to  faradism. 

(4)   Case  of  "  Juvenile  "  Taho-ixiresis. 
By  Dr.  C.  Worster-Drought. 

Pv.  p.  B.,  MALE,  aged  26.  No  history  of  any  illness  of  importance  before 
onset  of  present  disorder,  Was  up  to  the  average  standard  at  school  ;  on 
leaving,  worked  as  a  "light  porter"  in  Government  service  until  his  mobiliza- 
tion with  Territorial  Forces  in  August,  1914.  In  January,  1917,  he  appears  to 
have  had  a  "  seizure,"  and,  as  a  result,  was  discharged  from  the  Army  in  May, 
1917.  He  returned  to  his  civil  employment  and  continued  until  1919,  when 
increasing  mental  deterioration  and  the  fact  that  "  he  was  always  falling 
asleep"  led  to  his  dismissal. 

Present  condition  :  Invariably  cheerful  and  self-satisfied  ;  childish  and 
inane,  but  usually  answers  questions  fairly  rationally  :  inclined  to  be  grandiose 
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in  his  ideas  with  some  degree  of  confusion  ;  memory  for  past  events  very  poor 
and  orientation  fairly  good.  No  delusions.  Both  pupils  irregular  in  outline 
with  no  reaction  to  light,  direct  or  consensual.  Optic  discs  somewhat  pale. 
Hutchinsonian  teeth.  All  arm-jerks  hrisk,  knee-  and  ankle-jerks  absent. 
Ulnar  nerve  and  tendo-Achillis  analgesic.  Frequent  urinary  incontinence. 
Some  unsteadiness  of  gait  and  Rombergism,  but  not  marked.  Wassermann 
reaction  positive  in  the  blood.  Cerebro-spinal  fluid  (last  examination)  272 
lymphocytes  per  cubic  millimetre,  globulin  and  Wassermann  reactions  positive, 
colloidal  gold  curve  of  "  paretic  "  type. 

Under  observation  and  treatment  with  novarsenobillon  intravenously  and 
mercury  cream  intramuscularly  at  intervals  during  the  past  four  years, 
patient  has  shown  very  little  change,  excepting  for  a  steady  increase  in  the 
cell  content  of  the  cerebro-spinal  fluid,  from  88  cells  to  272  cells  per  cubic 
millimetre. 

(o)  Case  of  Juvenile  General  Paralysis  of  the  Insane. 
By  Dr.  C.  Woester-Drought. 

C.  M.  D.,  MALE,  aged  22-  Patient  left  school  in  Standard  VI  at  the  age  of 
13,  having  had  no  illnesses  except  attacks  of  bronchial  catarrh  each  winter. 
When  he  was  14  years  old  he  began  to  "  stammer,"  but  was  able  to  carry  on 
with  his  work  until  he  was  18  (four  years  ago)  ;  he  then  had  a  "  fit,''  and 
was  unconscious  for  twelve  hours.  Since  that  time  he  has  steadily  deterio- 
rated, both  mentally  and  physically.  His  father  died  sixteen  years  ago  (aged 
40)  from  pneumonia,  while  his  only  brother,  aged  15,  lias  interstitial  keratitis. 
His  mother  is  alive  and  well. 

Present  condition  :  Mentally  dull  and  stupid,  and  easily  amused,  but  occa- 
sionally he  answers  questions  fairly  intelligently.  Both  pupils  inactive  to  light, 
direct  and  consensual  :  optic  discs  not  unduly  pale.  Arm-jerks  brisk  and  equal, 
abdominals  brisk  and  equal,  knee-jerks  both  jnesent,  ankle-jerks  unobtainable, 
plantar  reflexes  flexor.  No  ulnar  nor  tendo-Achillis  analgesia.  Gait  un- 
certain and  unsteady  but  no  Rombergism.  Wassermann  reaction  positive  in 
the  blood.  Cerebro-spinal  fluid  (last  examination)  82  lymphocytes  per  cubic 
millimetre  ;  globulin  and  Wassermann  reactions  positive. 

During  the  past  three  years  he  has  been  treated  with  courses  of  novarseno- 
billon intravenously  and  mercury  cream  intramuscularly ;  the  only  changes 
are  increasing  tendency  towards  dementia  and  loss  of  ankle-jerks. 

(6)  Case  of  Huntington  s  Chorea. 
By  Dr.  C.  Worster-Drought. 

J.  T.,  MALE,  aged  45,  complains  that  he  "  cannot  keep  still,"  the  continual 
movements  resulting  in  insomnia.  The  condition  developed  in  1917  while  the 
patient  was  serving  in  France,  but  he  was  able  to  continue  in  the  Army  until 
1919.  In  spite  of  a  variety  of  forms  of  treatment  the  movements  persist 
unchanged. 
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Present  condition  :  Tf  observed  he  is  seen  from  time  to  time  to  exhibit 
jerky  movements  of  the  head  and  hmbs  ;  the  neck  is  jerked  backwards,  the 
back  straightened,  and  the  head  then  falls  forwards,  and  the  back  becomes 
bowed.  The  hands  may  be  thrown  to  one  side  with  the  whole  arm  sweeping 
outwards  ;  while  sitting  he  has  found  that  his  feet  are  continually  shuf'Hing 
owing  to  the  leg  movements.  All  the  movements  are  loose,  jerky,  and  show  a 
wide  excursion.  It  is  understood  that  his  wife  is  "  always  grumbling  because 
he  moves  about  so  much  in  his  sleep."  Under  hypnosis  the  movements 
continue,  but  are  less  pronounced.  Mentally,  he  is  irritable,  depressed,  and 
his  memory  for  past  events  very  poor.  Speech  is  indistinct,  and  somewhat 
grunting  in  character,  and  is  often  accompanied  by  lateral  movements  of  the 
head.  The  pupils,  fundi  and  other  cranial  nerves  show  no  abnormality,  the 
knee-  and  ankle-jerks  are  active,  and  the  plantar  reflexes  flexor.  Wassermann 
reaction  is  negative  in  the  blood.  Cerebro-spinal  fluid  :  two  cells  per  cubic  milli- 
metre ;  Wassermann  negative  ;  globulin  slight  increase  ;  colloidal  gold  reaction 
"luetic"  curve  (0.1.1.1.1.2.2.1.1.0). 

Family  history  :  Nothing  of  importance  can  be  traced.  He  has  been 
married  six  years  and  has  no  children.  His  mother  died  when  he  was  14 
(thirty  years  ago) — of  what  disease  he  does  not  know — and  his  father  as  the 
result  of  an  accident  twenty  years  ago.  He  has  a  brother,  three  years  older 
than  himself,  and  a  sister  three  years  younger,  both  alive  and  well. 


(7)  Case  of  Quadriplegia  with  Traumatic  Sponchjlitis. 
By  Dr.  DOUGLAS  Mc Alpine. 

M.  D.,  female,  aged  42,  was  well  until  February,  1921,  when  she  fell  into 
an  area.  She  immediately  lost  consciousness.  Later  she  found  she  could  not 
move  her  head  or  any  of  her  limbs.  She  had  retention  of  urine.  At  end  of 
one  week  power  began  to  return  in  left  arm,  and  gradually  the  other  limbs 
recovered,  but  a  general  weakness  has  remained,  this  being  most  marked  in  her 
right  arm.  Since  the  accident  she  has  suffered  from  shooting  pains  across  the 
back  of  neck  and  down  both  arms.  She  has  shown  progressive  improvement 
whilst  under  observation. 

Examination  shows  nothing  abnormal  in  the  cranial  nerves.  No  localized 
wasting  in  shoulder  or  arm  muscles.  No  sensory  disturbance  in  limbs  or 
trunk.  Moderate  loss  of  power  in  both  arms,  in  the  right  more  than  the  left. 
Tone  in  right  arm  is  increased  in  triceps  and  flexors  of  the  wrist.  Posture  of 
right  arm  when  walking  is  one  of  extension  at  the  elbow,  pronation  of  the 
forearm,  flexion  at  the  wrist.  No  material  change  in  tone  or  posture  in  left 
arm.  Tone  in  the  lower  limbs  is  slightly  increased  in  extensors,  but  power  is 
quite  good.  Deep  reflexes  are  much  exaggerated  in  arms  and  legs,  but  more 
so  on  right  side.     Eight  plantar  response  is  extensor,  while  left  is  equivocal. 

X-ray  examination  shows  bony  outgrowth  from  third,  fourth,  fifth  and 
sixth  cervical  vertebras. 
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(8)  Case  of  ISi/inujoinjelia  icith  rain  of  Central  Origin. 
By  Dr.  A.  G.  Dl'NCAN. 

W.  M.,  MALE,  aged  37.  Fifteen  months  ago  he  first  noticed  a  weakness  in 
his  left  arm,  which  has  gradually  progressed.  Pain  was  also  experienced 
in  left  arm,  and  later  in  left  u])per  chest  and  left  side  of  the  face  and  this  has 
persisted. 

Examination  shows  hypeniisthesia  to  cotton  wool  and  pinprick,  with 
partial  loss  to  heat  and  cold  in  distribution  of  left  fifth  cranial  nerve.  In 
addition  there  is  moderate  loss  to  all  forms  of  sensation  on  left  side  of  neck, 
left  arm  and  left  side  of  the  trunk,  extending  down  to  the  level  of  eighth  dorsal 
segment.  The  loss  of  postural  sensibility  is  very  marked  in  left  arm. 
Nystagmus  present.  No  involvement  of  other  cranial  nerves.  No  muscular 
atrophy  left  arm.  Deep  reflexes  more  active  on  left  side,  and  left  plantar 
response  is  extensor  in  type.  There  is  no  loss  of  sensation  in  left  leg  or  on 
trunk,  or  in  the  limbs  on  right  side. 

(9)   Case  of  Ilir/ht  Frontal  Tumour ;  Cracked-pot  Percussion  Xote  over  Right 

Frontal  Bone;  Left  Palmar  Reflex. 

By  Dr.  GEORGE  RiDDOCH,  and  Dr.  BitAlN. 

W.  G.,  aged  8,  Hebrew  boy,  left-handed  and  a  twin,  was  noticed  six 
months  ago  to  be  weak  in  the  left  hand ;  this  has  become  progressively 
weaker.  He  has  complained  of  headaches,  beginning  in  the  right  temporal 
regions,  for  four  months,  and  has  vomited  every  few  days  for  the  same  period. 
His  face  was  noticed  to  be  "  on  one  side  "  two  months  ago  ;  and  there  is 
a  history  of  occasional  stammering  and  some  indefinite  visual  impairment. 

On  examination  on  February  20,  1923,  there  was  a  visible  boss  on  the 
skull  in  the  right  temporal  region,  divided  by  the  right  fronto-parietal  suture. 
On  percussion  a  cracked-pot  sound  could  be  elicited  over  the  right  frontal  bone 
while  the  left  yielded  a  boxy  note.  The  fundi  showed  blurring  of  the  edges  of 
both  discs  with  one  diopter  of  swelling  in  the  right.  There  was  a  left  hemi- 
paresis,  the  weakness  affecting  the  facial  movements  most,  the  arm  to  a  less 
extent,  and  the  leg  only  slightly.     Sensation  was  normal. 

A  fortnight  later  small  clonic  movements  were  observed  in  his  left  face  and 
arm,  and  in  his  right  leg. 

Palmar  reflex :  It  was  noticeable  that  objects  placed  in  the  left  hand  were 
the  more  strongly  clenched  the  more  one  attempted  to  pull  them  away.  This 
reaction  can  still  be  obtained,  and  is  evoked  especially  by  moving  contact  from 
the  flexor  surface  of  the  fingers  and  especially  of  the  first  finger  and  thumb. 
The  reaction  is  entirely  involuntary,  for  the  patient  obviously  makes  strong 
efiforts  to  relax  his  grasp.  He  is  usually  unable  to  extend  his  fingers,  but  the 
reflex  can  be  well  evoked  even  when  spasm  of  tlie  fingers  is  largely  eliminated 
by  passive  flexion  of  the  wrist. 

At  the  present  time  there  is  some  loss  of  postural  sensibility  in  the  fingers 
of  his  left  hand.  Tactile  discrimination,  localization  and  sensibility  are  also 
defective  in  the  left  upper  limb.  There  is  now  some  secondary  atrophy  of 
both  optic  discs. 
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Meeting  hold  June   14,   1923. 


Hysterical    Fits,    with    some    Reference    to    their   Treatment. 
By  Dr.  L.  R.  Yealland. 

This  paper,  which  was  based  on  observations  made  in  one  hundred 
cases  of  hysterical  fits,  over  a  period  varying  from  two  to  seven  years, 
dealt  with  the  subject  more  from  a  physical  than  from  a  psychological 
aspect.  The  author  pointed  out  that  victims  of  hysterical  fits  can  be 
made  to  reproduce  a  seizure  by  simple  methods.  In  some  cases 
a  command  to  demonstrate  the  attack  is  all  that  is  necessary  ;  in  others, 
considerable  persuasion  is  needed.  The  patient's  response  to  reproduce 
a  seizure  to  order  is  considered  to  be  of  some  diagnostic  value,  and  it  is 
employed  as  a  suggestive  factor  in  the  plan  of  treatment  he  adopts, 
which  consiscs  in  demonstrating  to  the  patient  during  the  seizure  so 
reproduced  that  consciousness  is  retained   throughout  the  attack. 

The  following  classification  of  types  of  seizures  was  suggested : 
(1)  An  apparent  momentary  loss  of  consciousness.  (2)  A.  state  of 
apparent  coma  lasting  for  hours  in  which  the  pulse  and  respiration 
rates  are  normal.  (3)  A  pseudo-tonic  convulsion.  (4)  A  pseudo-clonic 
convulsion.  (5)  A  convulsion  beginning  in  the  pseudo-tonic  contraction 
and  followed  by  a  pseudo-clonic  contraction.  (6)  Hystero-epilepsy. 
(7)  Attacks  of  uncontrollable  laughing  or  crying  in  which  large 
quantities  of  urine  are  passed.  (8)  Other  violent  movements  expressed 
in  attempts  to  injure  himself  or  those  who  attempt  to  restrain  the 
patient  by  holding  him  down.      (9)  Attacks  of  staggering. 

Illustration  of  each  type  of  case  was  given,  together  with  the 
treatment  employed,  and  it  would  appear  therefrom  that  the  method 
of  application  varies  somewhat  in  each  case.  It  is  one  of  suggestion 
and  re-education.  The  percentage  of  recoveries  from  recurrence  of 
attacks  was  given  as  sixty.  Types  3,  (3  and  7  were  more  difficult 
to  treat,  but  even  in  them  a  marked  reduction  in  the  number  of 
seizures  was  noted. 

Discussion. 

The  paper  was  discussed  by  Drs.  Reynell,  Patrick  and  Harris,  who  agreed 
that  such  methods  as  were  advocated  in  it  have  often  a  consideralile  pragmatic 
value.  Surprise  was  expressed  that  a  larger  proportion  of  permanent  cures 
had  not  been  obtained  by  the  author. 


Notices  of  Recent  rriiTJcvTioxs. 

Die  Tjchre  I'om  Touuff  mid  der  Beiregnng,  :ur/hich  nyatematifichc 
Vntersuchunqen  zur  Kliiiik,  Plujsiologie,  Pathologic  und  Patho- 
geuese  der  Paralysis  Agitans.  Von  F.  H.  Lewy.  S.  G73,  mit  5G9 
zum  Teil  farbigen  Abbildungen  und  R  Tabellen.  Berlin  :  J. 
Springer.     1923.     Price  40s. 

It  is  mainly  to  the  study  of  paralysis  agitans  that  this  large  monograph 
is  devoted,  but  in  his  effort  to  be  as  complete  and  comprehensive  as  possible 
the  author  has  extended  his  work  to  many  cognate  subjects,  as  tonus  and  its 
chemico-physical  basis,  the  physiology  of  the  co-ordination  and  synthesis  of 
movement,  the  development  and  structure  of  the  corpus  striatum,  and  the 
anatomy  and  physiology  of  the  vegetative  system.  All  these  chapters  are  ^vell 
worth  reading,  though  some  of  them  contain  little  new  or  striking  in  the 
matter  of  observation  or  in  the  explanation  of  function. 

It  is,  however,  those  sections  on  the  clinical  and  pathological  aspects  of 
Parkinson's  disease  that  give  the  book  its  undoubted  value.  His  observations 
on  the  pathology  of  the  disease  alone  are  based  on  the  histological  investigation 
of  the  central  nervous  system  in  sixty  cases. 

In  the  first  chapter  interest  falls  mainly  on  the  careful  study  of  the 
vegetative  and  psychical  disturbances  of  paralysis  agitans,  and  the  conclusion 
that  this  disease  is  to  be  regarded  as  a  pathological  form  of  premature  senility 
in  which,  however,  the  lesion  falls  on  the  centres  of  involuntary  mobility  and 
on  the  vegetative  nervous  system,  rather  than  on  the  cortex. 

There  follows  in  the  second  chapter  a  lengthy  analysis  of  movement  by 
direct  and  indirect  muscle  tracings,  and  by  the  simultaneous  recording  of 
electrical  changes  in  the  agonists  and  antagonists  by  means  of  two  string 
galvanometers,  in  various  nervous  disorders  as  well  as  in  paralysis  agitans. 
The  special  form  and  the  significance  of  the  various  types  of  curves  obtained 
in  the  latter  disease  are  fully  considered,  and  important  conclusions  as  to  the 
nature  of  the  disturbances  of  nervous  functions  that  they  indicate  are 
discussed. 

The  anatomy  of  the  disease  is  also  dealt  witli  in  a  very  complete  and 
thorough  manner.  Structural  changes  are  described  in  most  parts  of  the 
nen'ous  system,  in  the  cerebral  cortex  where  the  frontal  and  temporal  lobes 
suffer  most,  in  the  cerebellum  and  in  the  brain-stem,  but  the  most  essential 
are  those  that  exist  in  the  corpus  striatum  where  cellular,  interstitial  and 
vascular  changes  occur  more  or  less  independently  of  one  another.  All  these 
lesions  are  of  an  analogous  nature  of  those  found  in  senile  and  presenile 
degeneration,  and  their  anatomical  localization  is  to  be  explained,  according  to 
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the  author,  partly  hy  the  jieculiar  mode  of  distril)r.tion  of  the  blood-vessels  in 
the  affected  region,  and  partly  by  a  primary  affection  of  the  liver,  and  perhaps, 
too,  of  some  of  the  ductless  glands,  as  the  thyroid,  which  makes  the  corpus 
striatum  and  related  parts  of  the  nervous  system  more  vulneral)le  to  various 
pathological  agents  than  they  usually  are. 

Though  certain  of  the  author's  conclusions  may  not  be  generally  accepted, 
and  though  some  of  the  arguments  on  which  he  bases  them  may  become 
subjects  of  controversy,  the  volume  must  be  regarded  as  a  valuable  contribution 
to  the  study  of  subjects  on  which  much  ignorance  still  exists.  The  manner 
in  which  the  volume  is  published,  and  especially  the  reproduction  of  the 
numerous  illustrations,  deserves  the  highest  praise. 

Der  avij/ostatische  Symptomenkomplex.  KlinischeUntersncJningen  iinter 
Beri'icksichtigung  allgemein  jjatliologischer  Fragen.  Von  13r.  A. 
BosTROEM.  S.  205  mit  12  Textabbildungen.  Berlin  :  J.  Springer. 
1922.     Price  7s.  6d. 

The  title  of  this  monograph  is  the  term  introduced  originally  by  Striimpel 
to  include  disturbances  of  fixation  of  parts  of  the  body  owing  to  errors  in  the 
time  or  degree  of  the  innervation  of  the  muscles  that  subserve  it,  or  to  irre- 
gularities in  their  combinations.  The  clinical  conditions  which  the  autlior 
includes  in  it  and  describes  here  are  idiopathic  and  symptomatic  athetosis 
and  chorea,  progressive  lenticular  degeneration,  pseudo-sclerosis  and  paralysis 
agitans,  or  rather  Parkinsonism  as  a  result  of  various  structural  affections  of 
the  brain.  The  clinical  features  of  each  of  these  conditions  is  cax'efuUy 
described  and  analysed,  and  in  many  instances  are  illustrated  by  the  record  of 
cases,  especially  by  such  as  bring  out  special  features  or  symptoms.  The 
pathology  of  each  is  also  discussed,  especially  in  relation  to  the  pathogenesis  of 
the  essential  symptoms.  The  book  is  compact  and  readable,  and  will 
undoubtedly  be  of  service  in  the  study  of  these  interesting  diseases. 

Die   Lumhalpunhtion.      Dr.    Martin   Pappenheim.       Wien,    Leipzig, 
Miinchen.     Eikola  Verlag.     1922.     Pp.  184. 

Books  on  the  cerebrospinal  fluid  written  by  those  familiar  with  the  sub- 
ject are  still  few,  and  therefore  w^elcome.  Dr.  Pappenheim's  book  makes  no 
pretence  to  open  new  ground,  or  even  to  cover  the  whole  of  the  subject,  but  it 
is  obviously  written  from  personal  experience  and,  so  far  as  it  goes,  is  a  trust- 
worthy guide  to  the  examination  of  the  cerebrospinal  fluid.  It  is  essentially  a 
book  of  methods,  and  is  more  adapted  to  the  needs  of  the  laboratory  worker 
than  to  those  of  the  clinician.  It  deals  particularly  with  the  more  chronic 
forms  of  nervous  disease,  and  with  the  many  special  methods  which  have  been 
devised  for  the  diagnosis  of  the  various  syphilitic  affections  of  the  nervous 
system.  Nearly  ninety  pages  are  occupied  in  the  details  of  the  examinations 
for   cells,   albumen    and    globulin,    and    with    the   colloidal   gold    and  mastic, 
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W'assermann.  Sachs-Georgi,  and  hspmolyain  reactions.  At  the  end  of  this  we 
find  that  the  differential  diagnosis  of  general  paralysis  from  other  syphilitic 
di;>eases  cannot  be  made  on  the  results  of  any  of  these  tests,  either  singly  or  in 
combination,  but  only  on  the  alterations  which  take  place  in  the  reactions  as 
the  result  of  treatment.  This  conclusion  is  in  agreement  with  tiie  views  of 
most  modern  authorities.  The  twenty  pages  on  the  diagnostic  value  of  lumbar 
puncture  are  somewhat  discursive,  and  many  diseases  are  only  incidentally 
mentioned.  We  miss  a  clear  statement  of  the  changes  found  in  the  cerebro- 
spinal fluid  in  each  disease  such  as  is  given,  for  example,  by  Eskuchen.  In 
fact,  Pappenheim's  hook,  either  as  a  work  of  reference  or  as  a  laboratory  hand- 
book, cannot  be  compared  with  that  of  Eskuchen.  It  contains  practically 
nothing  new,  and  omits  much  valuable  material  that  is  given  by  the  older 
books.  It  is,  however,  much  sliorter  and  more  easily  read.  The  bibliography 
is  well  arranged,  and  there  is  a  good  index. 


The  Form  and  Functions  of  the  Central  Nervous  System;  An  Tiitro- 
duction  to  the  Study  of  Nervous  Diseases.  By  Frederick  Tilney 
and  Henry  Alsop  Riley.  Second  Edition.  Pp.  1,019,  with  591 
figures,  56  of  which  are  coloured.  London:  H.  K.  Lewis  and  Co. 
1928.     Price  1:2  12s.  6d. 

The  first  edition  of  this  book  was  reviewed  in  a  previous  volume  of  this 
Journal  (1921,  44,  90).  The  present  edition  is  merely  a  reprint  in  which  some 
typographical  and  a  few  other  errors  have  been  corrected.  The  authors  assert 
that  owing  to  the  short  time  intervening  since  its  first  appearance,  no  radical 
changes  in  the  text  or  illustrations  are  required,  but  it  is  none  the  less  regret- 
table that  some  of  those  defects  which  were  pointed  out  in  the  previous  review, 
especially  the  absence  of  reference  to  other  authorities  on  controversial  points 
and  the  use  of  terms  not  generally  accepted,  should  have  remained  unchanged. 


Brain   Abscess.      By   Wells   P.   Eagleton,    M.D.      Pp.    280.      New 
York  :  The  Macmillan  Company.     1922.     Price  31s.  6d. 

This  book,  written  chiefly  from  the  standpoint  of  the  otologist,  consists  of 
some  280  pages,  of  which  number  about  a  quarter  are  occupied  with  a  review 
of  a  very  large  number  of  cases  taken  from  the  literature.  The  main  part  of 
the  book,  however,  is  based  upon  the  autlior's  personal  experience  of  some 
fifty  cases  of  abscess  of  the  brain,  and  contains  a  good  deal  of  interesting 
information.  There  are  sections  dealing  with  the  surgical  technique  of  intra- 
cranial operations,  with  the  protective  mechanism  of  the  brain,  and  with  the 
pathology  and  diagnosis  of  cerebral  abscess.  The  author's  method  of  dealing 
with  such  abscesses  is  given  in  much  detail,  but  it  is  somewhat  surprising  to 
find  no  mention  of  enucleation  of  the  entire  abscess  with  its  capsule. 
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Der  Selbstmord.  Dr.  K.  Weichbrodt.  Aus  :  Abhandlungen  aus  der 
Neurologie,  Psychiatrie,  Psychologie  und  ihren  Grenzgebieten. 
Heft  22,  S.  44.     Berlin  :  S.  Karger.     1923. 

This  small  monograph  is  an  interesting  study  on  the  problem  of  suicide 
from  the  historical,  religious,  sociological,  philosophical  and  psycliiatrical 
l)oints  of  view.  Statistics  show  that  there  are  a  greater  number  of  suicides 
in  large  towns  than  in  country  districts ;  and  that  it  is  more  common  amongst 
the  more  educated  classes,  especially  among  those  subjected  to  the  stress  of 
modern  business.  In  the  nineteenth  century  suicide  was  mucli  more  common 
in  Europe  in  men  than  in  women,  in  the  proportion  of  four  to  one,  but  in  the 
last  few  decades  the  proportion  of  female  suicides  has  increased,  especially  in 
districts  in  which  women  have  entered  business  and  competition  for  livelihood. 
Keligion  has  apparently  little  influence  in  checking  suicide,  in  fact  certain 
religions  of  the  East  and  some  of  the  American  and  African  religions  look 
upon  suicide  as  a  duty.  The  curve  of  suicide  rises  each  spring,  especially 
in  the  months  of  May  and  June,  in  every  country. 

Esquirol  regarded  suicide  as  invariably  an  act  the  result  of  psychopathic 
disturbances,  but  recently  observers  have  paid  more  attention  to  external 
factors,  as  financial  distress,  threatened  punishment,  loss  of  friends,  &c.  Though 
these  are  undoubtedly  important  it  is  interesting  that  in  many  families  there 
seems  to  be  a  hereditary  tendency  to  suicide.  Only  a  small  proportion,  forty 
to  1,400  suicides,  of  which  a  record  has  been  kept  in  Berlin  and  Frankfort, 
have  been  previously  confined  in  institutions  owing  to  mental  aberrations  ; 
among  the  insane  the  danger  is  greater  at  the  beginning  or  end  of  the 
melancholic  attack. 

The  only  prophylactic  measures  that  the  author  can  suggest  are  careful 
education  of  psychopathic  individuals,  and  confinement  to  institutions  as  soon 
as  any  signs  of  mental  aberration  appear. 

Psychology  and  Morals:  An  Analysis  of  Character.  By  J.  A. 
Hadfield.     Pp.  186.     London :  Methuen.     1923.     6s.  net. 

In  the  doubtful  probability  of  man  sacrificing  the  heritage  that  has  been 
bequeathed  to  him  by  the  great  religious  and  moral  systems  of  history,  the 
change  will  take  place  only  after  long  and  painful  struggles,  compromises,  and 
re-interpretations. 

The  book  before  us  is  an  attempt  to  seize  the  most  favourable  moment  for 
the  development  of  the  new  psychology  initiated  by  Freud  and  Jung.  While 
accepting  the  hyi)otheses  of  the  Freudian  psychology  for  all  working  purposes, 
the  author  tempers  the  wind  to  the  endurance  of  the  shorn  lamb  by  making  a 
number  of  concessions  to  current  moral  ideas,  in  order  that  broad  principles  of 
the  psycho-analytic  position  ma\'  be  accepted  without  demur.  But  this  does 
not  weaken  the  force  of  tlie  book,  which  is  in  the  nature  of  a  guide  to  the 
perplexed  layman  in  his  way  through  tiie  labyrinth  of  new  and  somewhat 
terrifying  ideas. 
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After  an  enunciation  of  the  principles,  Dr.  Hadfield  discusses  the  vexing 
problem  of  the  will  rather  fully,  for  on  this  fulcrum  the  whole  of  the  moral 
l^ersonality  revolves.  Dogmatism  on  this  topic  is  unfortunately  necessary  in 
the  interest  of  morality,  but  it  leads  to  metaphysical  difliculties.  From 
this  the  author  goes  on  to  discuss  the  idealism  which  can  only  succeed  if  it 
springs  from  a  unified  i)crsonality  in  whicli  all  impulses  are  in  equilibrium,  and 
serves  the  moral  ends  of  the  individual.  Knowledge  of  the  self  is  necessary 
before  the  individual  can  achieve  moral  ends  which  will  be  in  complete 
harmony  with  an  integrated  instinct  and  emotion-driven  system.  Psycho- 
logical analysis  alone  will  achieve  this  end,  and  by  so  doing  will  bring  into 
harmony  the  impulses  derived  from  lower  strata  of  our  natures. 

The  book  bristles  with  difficulties  born  of  the  attempt  to  explain  the  lowest 
in  terms  of  the  highest,  with  the  result  that  many  of  its  dogmatic  assertions 
would  not  bear  investigation  in  the  light  of  anthropology,  or  even  in  the  light 
of  a  dispassionate  study  of  the  history  of  morals. 

Behaviourism     and     Psychology.      By    A.     A.    Eoback.       University 
Bookstore,    Harvard,   U.S.A.    1923. 

In  the  flood  of  literature  from  the  United  States  on  the  subject  of 
Behaviourism,  Dr.  Roback's  book  comes  as  a  welcome  and  vigorous  current  in 
the  reverse  direction.  It  is  an  attempt  on  the  broadest  possible  grounds  to 
reassert  the  claims  of  psychology  as  an  independent  science;  it  is  not,  however, 
written  in  an  apologetic  strain  but  as  though  the  author  saw  in  attack  the  best 
method  of  defence. 

The  first  part  is  historical,  and  traces  the  origin  of  the  behaviouristic 
attitude  in  the  work  of  Hobbes  and  Comte,  and,  in  our  own  time,  in  the  neo- 
realism  foreshadowed  in  William  James  and  fully  developed  by  Dewey,  Holt, 
Watson  and  others.  The  author's  main  objection  on  biological  grounds  is  that 
it  fails  to  give  an  adequate  explanation  of  memory,  and  secondly,  in  all  experi- 
mental investigations,  however  rigidly  introspection  may  be  ruled  out,  there 
must  be  "  an  injection  of  the  experimenter's  own  introspection  into  the  inter- 
pretation of  the  data." 

In  the  second  section  he  disposes  of  the  behaviouristic  claim  to  have  ousted 
psychology  from  its  position  of  lawgiver  to  the  organic  life ;  he  does  not,  how- 
ever, rest  satisfied  with  his  victorious  assault  but  carries  the  battle  on  into  the 
fields  of  ethics,  jurisprudence,  religion  and  sociology.  "  Are  these  studies 
possible  in  the  light  of  Behaviourism  ?  "  he  asks.  Once  having  established  the 
right  of  psychology  to  throw  a  hglit  on  organic  life,  it  appears  to  follow  logically 
that  behaviourism  will  not  apply  to  tlie  more  complex  forms  of  activity. 

The  book,  however,  fails  to  do  sufficient  justice  to  the  methodological  value 
of  behaviourism  as  an  instrument  of  research.  Although  one  may  learn  much 
from  the  observation  of  movements  as  response  to  stimuli,  the  significance  of 
such  activities  is  only  to  be  understood  by  an  interpretation  of  them  in  terms  of 
ends  and  purposes.     Purpose,  however,  is  a  category  that  has  no  application  to 
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mechanism,  and  thoroughgoing  behaviourism  is  mechanistic.  No  sooner  is 
this  category  admitted  than  the  laws  of  psychology,  as  apart  from  physiology, 
are  i>so/ac/o  established  as  existing,  although  they  may  not  be  fully  understood. 
With  this  establislied,  psychology  stands  alone  as  an  independent  method  of 
investigation  and  behaviourism  takes  its  rightful  place  as  a  method  also — a 
bridge  between  physiological  concepts  and  mental  concepts,  and  not,  as  it  falsely 
claimed  to  be,  a  complete  science  and  philosophy  of  tlie  organism. 


Writers  of  "Original  Articles  and  Clinical  Cases"  are  supplied  free  of  charge 
with  50  copies  reprinted  in  the  form  in  which  the  paper  stands  in  the  pages  of 
"  Brain."  If  reprints  are  required  in  pamphlet  form,  with  wrapper,  title-page, 
&c.,  and  re-numbered  pages,  they  must  be  ordered,  at  the  expense  of  the  writers, 
from  Messrs.  BALE,  SONS  &  DANIELSSON,  Ltd.,  83-91,  Great  Titchfield  Street, 
London,  W. 

Members  of  the  Neurological  Section  of  the  Royal  Society  of  Medicine  can 
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I. 

Extremely  few  autopsy  findings  on  cases  of  post-encephalitic 
paralysis  agitans  have  been  reported. 

Marinesco  [11]  records  the  case  of  a  man,  aged  43,  who  had  an  acute 
attack  of  epidemic  encephalitis  in  March,  1920,  followed  by  paralysis 
agitans ;  he  died  in  February,  1922,  Although  lesions  were  found  in 
the  globus  pallidus  they  were  much  more  intense  in  the  locus  niger. 
Here  the  cells  for  the  most  part  had  undergone  cytolysis  and  their  place 
was  shown  by  masses  of  pigment.  The  neuroglial  cells  were  increased 
in  size  and  number  in  this  region,  and  many  of  them  contained  pigment. 
The  nerve  fibres  in  the  locus  niger  had  largely  disappeared.  The  vessels 
showed  perivascular  infiltration  with  small  round  cells;  and  the  endo- 
thelium of  the  capillaries  contained  black  pigment.  The  region  of  the 
red  nucleus  appeared  practically  normal. 

McKinley  [12]  reports  fully  the  histological  findings  in  a  man,  aged 
51,  who  died  of  paralysis  agitans  of  two  years'  duration,  following  an 
acute  attack  of  encephalitis  lethargica.  The  globus  pallidus,  putamen  and 
caudate  nucleus  showed  insignificant  changes  as  compared  with  those 
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found  in  the  substantia  nigra  ;  they  consisted  of  a  moderate  amount  of 
chroniatol)  sis  and  an  occasional  example  of  cytolysis,  but  there  was  no 
reduction  in  the  nmuber  of  cells.  Slight  perivascular  infiltration  was 
present  in  the  globus  pallidus  but  none  in  the  putamen.  In  the  thalamus 
the  changes  were  rather  more  marked,  but  there  was  no  evident  reduction 
in  the  number  of  the  thalamic  neurones,  nor  was  there  any  evidence  of 
degeneration  of  nerve  fibres  in  the  basal  ganglia.  The  lesions  were 
most  pronounced  in  the  mesencephalon,  especially  in  the  substantia 
nigra  :  the  cells  were  reduced  to  a  small  fraction  of  their  normal  number, 
and  those  remaining  had  without  exception  undergone  chromatolysis. 
The  pigment  in  the  cells  seemed  to  be  increased,  but  this  was  attributed 
to  shrinkage  of  the  cells,  which  were  smaller  than  those  in  a  normal 
brain.  The  axis-cylinders  were  greatly  decreased  in  number.  A  con- 
siderable amount  of  free  pigment  was  scattered  about  and  could  be 
traced  as  far  as  the  perivascular  spaces.  There  was  an  increase  of  glia 
cells,  and  perivascular  infiltration  with  round  cells.  Sections  of  the  pons 
and  medulla  showed  minimal  changes. 

Foix  [5]  reports  a  case  in  which  the  lesions  were  greatest  in  the 
substantia  nigra,  and  consisted  in  atrophy  of  the  cells  with  disintegration 
of  the  pigment,  a  process  which  proceeded  in  islets  and  finally  resulted 
in  cicatrization.  In  cases  of  idiopathic  paralysis  agitans  which  he  has 
examined,  the  changes  were  most  evident  in  the  locus  niger  and  globus 
pallidus,  slightly  predominating  in  the  former. 

Francais  and  Lhermitte  [6]  report  the  autopsy  findings  in  a  male, 
aged  57,  who  had  an  attack  of  encephalitis  lethargica  in  January,  1921  ; 
paralysis  agitans  followed  in  March,  1921.  The  patient  committed 
suicide  in  September  of  the  same  year.  Macroscopically  depigmentation 
of  the  locus  niger  was  noted.  Microscopically  the  cells  of  the  locus 
niger  were  much  reduced  in  number  and  the  remaining  cells  were 
distorted  and  depigmented.  In  certain  parts  there  was  no  trace  either 
of  cells  or  of  myelinated  fibres.  There  was  marked  neuroglial  over- 
growth. The  vessels  of  the  locus  niger  showed  perivascular  infiltration 
with  lymphocytes  and  plasma  cells.  The  large  motor  cells  of  the 
corpus  striatum  were  reduced  in  number  and  the  remainder  showed 
chromatolytic  changes.  There  was  considerable  neuroglial  overgrowth 
and  perivascular  infiltration.  The  small  motor  cells  in  the  putamen  and 
caudate  nucleus  were  less  affected.  Lhermitte,  in  accordance  with  his 
pathological  findings  incases  of  idiopathic  paralysis  agitans, concludes  that 
the  symptoms  in  this  case  were  due  to  lesions  in  the  pallidal  system. 

Mile.  G.  Levy  [9]  described  the  pathological  changes  in  four  cases 
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of  paralysis  agitans  following  encephalitis  lethargica.  She  lays  stress 
on  perivascular  disintegration  in  the  basil  ganglia,  producing  changes 
resembling  Vctat  crible  and  precrihU  of  Vogt.  Precisely  similar  con- 
ditions to  those  depicted  in  her  book  were  seen  in  my  two  cases  and 
also  in  the  normal  brain  which  was  used  as  a  control,  and  they  seem  to 
be  of  the  nature  of  artefacts.  Degeneration  of  fibres  in  the  ansa  lenti- 
cularis  and  in  the  internal  capsule,  and  changes  in  the  corpus  Luysii, 
red  nucleus  and  fields  of  Forel  were  also  present.  The  locus  niger  in 
every  case  showed  depigmentation.  The  lesions  in  the  mid-brain  were 
subacute.  There  was  degeneration  in  the  antero-lateral  columns  of 
the  cord.  She  concludes  from  the  widespread  nature  of  the  process 
in  her  cases  that  no  conclusions  can  be  drawn  as  to  the  pathogeny  of 
paralysis  agitans. 

Goldstein  [8]  describes  a  case  in  which  the  changes  in  the  substantia 
nigra  were  the  most  prominent  feature ;  his  article  is  illustrated  with 
excellent  photomicrographs. 

Tretiakoff  and  Bremer  [14]  report  a  case  of  a  female,  aged  47,  who 
had  an  acute  attack  of  encephalitis  lethargica,  of  the  ocular  type,  in 
December,  1919 ;  this  was  rapidly  followed  by  the  Parkinsonian 
syndrome.  A  relapse  occurred  at  the  end  of  April,  1920,  with  fever, 
generalized  pains,  and  incontinence  of  urine.  She  died  on  May  29, 
1920,  with  hyperthermia.  The  inflammatory  lesion  consisted  of  an 
increase  of  lymphocytes,  congestion  of  vessels  and  moderate  neuroglial 
overgrowth.  These  changes  were  most  marked  in  the  mesencephalon, 
and  particularly  in  the  locus  niger  where  the  number  of  cells  was 
considerably  reduced.  The  remaining  cells  showed  various  degenerative 
changes.  The  cells  of  the  red  nucleus  were  normal.  The  authors  were 
struck  by  the  almost  complete  absence  of  inflammatory  changes  in  the 
globus  pallidus ;  they  mention,  however,  the  occurrence  of  calcification 
in  certain  of  the  large  vessels  in  the  globus  pallidus.  The  putamen, 
caudate  nucleus,  and  cerebellum  were  normal. 

D'Antona  and  Vegni  [2]  describe  the  case  of  a  male,  aged  54, 
who  had  an  acute  attack  of  encephalitis  lethargica  in  January,  1920, 
followed  by  the  Parkinsonian  syndrome.  He  died  in  February,  1921. 
The  main  incidence  of  the  disease  was  found  to  have  fallen  on  the 
substantia  nigra,  the  cells  being  reduced  to  about  a  tenth  of  their 
normal  number;  inflammatory  changes,  though  less  marked,  were  also 
found  elsewhere,  as  in  the  globus  pallidus  and  nucleus  dentatus.  An 
excellent  photomicrograph  depicts  the  changes  in  the  substantia  nigra. 

Vegni  [16]  reports  a  second  case  in  a  man,  aged  20,  who  had  an 
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attack  of  encephalitis  lethargica,  of  the  ocular  type,  in  January,  1920, 
followed  by  paralysis  agitaus.  He  died  in  October,  1921,  as  a  result  of 
general  peritonitis  following  an  appendix  abscess.  The  chief  finding 
consisted  in  a  great  reduction  in  the  number  of  cells  of  the  substantia 
nigra  with  perivascular  lymphocytosis.  Degenerative  changes  were 
also  found  in  the  cells  of  the  globus  pallidus,  dentate  nucleus  and  locus 
coeruleus.     He  emphasizes  the  persistence  of  the  infective  process. 

Gamna  and  Omodei-Zorni  [7]  report  two  cases.  The  first  was  that 
of  a  male,  aged  29,  who  had  an  acute  attack  of  encephalitis  lethargica 
of  the  choreiform  type,  which  was  followed  by  the  Parkinsonian 
syndrome.  Histological  examination  showed  an  almost  complete 
atrophy  of  the  nerve  cells  of  the  substantia  nigra  and  hypothalamus, 
associated  with  intense  proliferation  of  neuroglial  cells.  Similar 
lesions,  though  slighter,  were  present  in  the  globus  pallidus,  putamen, 
and  caudate  nucleus. 

The  second  case  was  that  of  a  woman,  aged  27,  in  which  the 
Parkinsonian  syndrome  did  not  become  apparent  for  nearly  two  years 
after  an  acute  attack  of  encephalitis  lethargica.  Lesions  similar  to 
those  in  the  first  case  were  found  in  the  substantia  nigra;  the  sub- 
thalamic region  was  very  slightly  altered  and  the  corpus  striatum  was 
unaffected. 

Urechia  [15]  reports  the  case  of  a  male,  aged  44,  who  for  a  year 
suffered  from  insomnia  and  periods  of  psychomotor  excitement.  There 
were  no  definite  signs  of  organic  disease  in  the  central  nervous  system, 
except  that  his  pupils  were  unequal  and  fixed.  Although  the  Wasser- 
raann  reaction  was  negative,  he  was  given  anti-specific  treatment  in 
view  of  the  pupillary  condition.  Seven  months  later  he  presented 
definite  signs  of  the  Parkinsonian  syndrome  and  a  retrospective 
diagnosis  of  encephalitis  lethargica  was  made.  The  patient  died  shortly 
afterw-ards.  An  autopsy  showed  intense  inflammatory  lesions  in  the 
basal  ganglia,  especially  in  the  globus  pallidus,  corpus  Luysii,  and 
substantia  nigra ;  less  marked  lesions  were  also  present  in  the  dentate 
nucleus. 

II. 

Histological  Findings  in  Two  Cases. 

The  following  are  the  only  two  cases  as  yet  in  which  I  have  had  the 
opportunity  of  pathological  study  : — 

Case  1. — A  male,  aged  41,  came  under  observation  in  September,  1922,  with 
well-marked  paralysis  agitans. 

His  wife  stated  that  he  had  been  quite  well  until  an  acute  illness  in  May, 


THE    PATHOLOGY    OF    THE    PARKINSONIAN    SYNDROME  259 

1921,  characterized  by  double  vision  and  marked  sleeplessness.  For  more  than 
a  week  he  slept  day  and  night  and  had  great  difficulty  in  swallowing.  He  was 
acutely  ill  for  four  weeks  ;  it  was  then  noticed  that  he  was  stiff  and  had  con- 
siderable difticulty  in  moving.  He  improved,  but  was  troubled  with  drowsiness 
for  some  months.  The  rigidity  gradually  became  worse,  so  that  feeding  or 
dressing  himself  was  impossible. 

Examination  in  September,  1922,  showed  a  very  marked  condition  of 
paralysis  agitans.  It  was  impossible  to  understand  his  speech  owing  to  the 
feeble  voice ;  he  was  unable  to  dress  and  feed  himself,  and  could  scarcely  move 
in  bed  ;  his  head  was  slightly  retroflexed,  his  mouth  open,  and  he  had  marked 
sialorrhoea.  His  eyes  had  a  staring  expression.  The  pupils  were  regular  in 
outline,  equal  and  centrally  placed  ;  both  reacted  well  to  light  and  accommo- 
dation. The  ocular  movements  were  full  and  were  carried  out  nearly  as 
promptly  as  by  a  normal  person,  but  there  were  a  few  initial  nystagmoid  move- 
ments in  the  extreme  lateral  positions  ;  convergence  was  normal.  The  fundi 
were  normal.  Voluntary  movements  of  the  facial  and  jaw  muscles  were  earned 
out  feebly  and  slowly-  There  was  slight  weakness  of  the  lower  face  on  the  right 
side  which  was  apparent  only  on  voluntary  movement,  as  in  showing  the  teeth. 
The  tongue  was  protruded  with  difficulty,  and  was  flabby  and  tremulous.  The 
palate  moved  somewhat  feebly  on  phonation.  There  was  considerable  difficulty 
in  swallowing.  The  muscles  of  the  neck  were  hypertonic,  and  there  was  loss  of 
associated  head  and  eye  movements. 

The  posture  of  the  arms  was  typical  of  paralysis  agitans,  especially  that  of 
the  hands.  The  tone  was  considerably  increased  in  all  muscle  groups,  and  the 
"cogwheel"  phenomenon  was  well  marked.  All  movements  were  carried  out 
slowly  and  wuth  difficulty.  The  reflexes  were  brisk  and  equal  on  the  two 
sides. 

At  times  there  was  a  very  slow  rhythmical  tremor  of  the  true  paralysis 
agitans  type  in  both  hands,  the  chief  movement  being  one  of  alternating  flexion 
and  extension  of  the  fiugex's.  The  rate  of  the  tremor  was  four  to  the  second.  It 
was  observed  only  when  the  limbs  were  at  rest  and  never  during  voluntary 
movement.  The  musculature  of  the  abdomen  was  hypertonic,  the  abdominal 
reflexes  being  excessively  brisk.  The  posture  of  the  legs  was  one  of  extension 
at  the  knees  with  the  toes  pointed  downwards  and  the  feet  inverted  ;  as  in  the 
arms  there  was  moderate  loss  of  power  and  tone  was  markedly  increased  in  all 
muscle  groups,  but  predominated  in  the  post-tibial  group  of  muscles  and  in  the 
extensors  of  the  knee. 

The  deep  reflexes  were  brisk  and  equal ;  there  was  no  ankle  clonus  ;  the 
right  plantar  reflex  gave  a  doubtful  extensor  response,  while  the  left  was  normal 
in  type. 

There  was  no  disturbance  of  sensation  in  the  arms,  trunk  or  legs. 

Progress. — The  patient  improved  under  hyoscine  ;  his  speech  became  clearer 
and  he  was  able  to  turn  more  easily  in  bed. 

On  September  26  there  was  a  rise  in  temperature  with  an  accompanying 
increase  in  the  respiration  and  pulse  rate.     The  pyrexia  became  progressively 
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greater  and  on  tlie  day  of  liis  deatli — the  29tli — the  temperature  was  104G''  F., 
respiration  60,  and  pulse  1-50.  There  was  no  clinical  evidence  of  pulmonary 
implication. 

An  autopsy  was  performed  ton  hours  after  death.  No  abnormality  was 
noted  in  the  meninges.  The  brain  and  spinal  cord  were  hardened  in  10  per 
cent,  formalin-saline  for  fourteen  days. 

A  series  of  six  horizontal  sections  was  made  through  the  basal  ganglia,  the 
thickness  of  each  slab  being  approximately  4  mm.  A  portion  of  the  tissue, 
including  the  basal  ganglia,  was  taken  from  each  slab  and  numbered  ;  those 
from  one-half  of  the  brain  being  treated  by  the  Weigert-Pal  method,  and  those 
from  the  other  by  alum  haematoxyhn  and  van  Gieson,  and  by  Nissl's  method. 
Photographs  of  each  slab  were  taken  for  reference. 

The  mid-brain  was  cut  in  serial  sections. 

The  brain  from  a  man  aged  40,  who  died  as  the  result  of  an  accident,  was 
used  as  a  control  and  was  treated  in  precisely  tlie  same  manner  as  the  brain 
under  consideration,  the  levels  of  the  horizontal  sections  being  approximately 
identical. 

Histological  Findings. 

Cerebral  cortex. — Beyond  capillary  dilatation  there  was  no  appreciable 
deviation  from  the  normal.  The  cells  were  normal  except  for  very  occasional 
cytolysis.  There  was  no  diminution  in  the  number  of  cells,  nor  was  any  peri- 
vascular infiltration  observed. 

Basal  ganglia. — It  may  be  said  at  the  outset  that  no  marked  pathological 
changes  were  found  in  this  region.  The  cells  in  the  caudate  nucleus  and 
putamen  were  for  the  most  part  normal  and  were  not  appreciably  diminished 
in  number.  Cytolysis  was  occasionally  seen,  especially  in  the  putamen. 
Many  of  the  cells  stained  poorly,  were  ballooned  and  had  eccentric  nuclei. 
Capillary  dilatation  was  general.  For  the  most  ])art  the  vessel  walls  were 
normal,  except  for  an  occasional  increase  of  cellular  elements  in  them.  Peri- 
vascular infiltration  with  round  cells  was  not  pronounced,  but  each  section 
showed  a  few  examples  of  this.  There  was  no  appreciable  glial  cell  over- 
growth. 

Globus  pallid  us. —^la.ny  cells  stained  palely  ;  chromatin  granules  were  not 
apparent  in  the  majority  of  the  cells.  This  absence  of  chromophilic  staining 
was  noticed  in  all  the  cells  of  the  basal  ganglia  and  also  in  the  control  brain, 
and  probably  depended  on  faulty  fixation.  The  vast  majority  of  the  cells 
were  in  ever^'  respect  normal ;  rarely  a  cell  with  a  markedly  eccentric  nucleus 
and  an  indefinite  outline  could  be  seen. 

There  was  no  diminution  in  the  number  of  the  large  polygonal  cells.  The 
cells  in  ten  consecutive  fields  were  counted,  and  this  was  also  done  in 
sections  from  the  corresponding  blocks  of  the  normal  brain.  Two  different 
levels  were  taken,  one  from  the  middle  of  the  lenticular  nucleus  and  the 
other  towards  its  caudal  extremity.  In  each  case  the  count  from  Case  1 
exceeded  that  of  the  normal  control. 

The  majority  of  the  cells  in  the  globus  pallidus,   and  incidentally  those 
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of  the  thalamus,  showed  a  collection  of  pigmented  granules  which  usually 
occupied  half  the  cell.  They  stained  green  with  toluidin  blue.  They  were 
also  present  in  the  cells  of  the  control  though  not  to  the  same  extent,  and 
stained  yellowish  instead  of  green.  In  sections  stained  by  Scharlach  red 
they  appeared  as  reddish  granules  in  the  cells,  which  points  to  the  possibility 
of  their  being  of  the  nature  of  lipochromes.  Granules  also  could  be  seen 
scattered  about  in  the  surrounding  tissue,  and  could  be  traced  to  peri- 
vascular lymphatic  spaces.  Similar  appearances,  though  less  marked,  were 
also  seen  in  the  normal  brain. 

The  vessels  of  the  globus  pallidus  shared  in  the  general  vascular  dilatation  ; 
occasionally  perivascular  infiltration  by  lymphocytes  was  observed,  but  this 
was  only  slightly  more  common  than  in  the  putamen  and  caudate  nucleus. 
The  walls  in  many  instances  showed  an  increase  in  the  cellular  elements. 

In  the  sections  stained  by  alum  hasmatoxylin  and  van  Gieson's  counter- 
stain,  well-marked  calcareous  degeneration  was  observed  in  the  walls  of  certain 
vessels.  Such  vessels  were  few  in  number,  and  were  only  seen  in  sections 
from  about  the  middle  of  the  basal  ganglia.  Further,  the  affected  vessels  were 
situated  in  the  anterior  portion  of  the  globus  pallidus  and  were  evidently 
ascending  vessels  from  the  anterior  perforated  spot.  In  this  region  the  arteries, 
veins  and  capillaries  were  all  affected.  In  the  majority  of  the  vessels  the 
deposit  lay  between  the  adventitia  and  the  media.  Hyaline  degeneration 
was  evident  in  the  walls  of  those  vessels  that  were  only  slightly  affected  ;  in 
some  of  these  the  deposit  could  be  seen  in  the  Virchow-Robin  space. 
There  was  no  thrombosis  in  any  of  the  affected  vessels.  In  the  smaller 
vessels  the  cellular  elements  in  the  vessel  w'alls  were  increased. 

Tlialamiis.  —  The  cells  were  not  diminished  in  number.  Cytolysis  w^as 
relatively  common,  but  the  cells  were  for  the  most  part  otherwise  healthy. 
Pigmentation  granules  were  present  in  the  majority  of  the  cells.  Perivascular 
intiltration  was  seen  about  as  frequently  as  in  the  globus  pallidus. 

Sections  from  the  lower  three  slabs  sliowed  acute  changes  in  the  sub- 
ependymal region  of  the  thalamus,  and  in  that  portion  of  the  subthalamic 
region  which  adjoins  the  third  ventricle.  These  changes  consisted  of 
numerous  recent  haemorrhages  in  the  perivascular  spaces  and  surrounding 
tissue.  Perivascular  infiltration  Nvas  here  more  marked  than  anywhere  in  the 
basal  ganglia  ;  similar  acute  changes  w'ere  also  noted  in  the  infundibulum. 

Corpus  Luysii. — The  cells  appeared  normal. 

Sections  stained  by  the  method  of  Weigert-Pal  showed  no  evidence  of 
degeneration  in  the  systems  of  fibres  connected  with  the  corpus  striatum. 

TJie  mid-hrain. — In  this  I'egion  the  changes  were  distinctly  more  marked 
than  in  the  basal  ganglia,  the  greatest  incidence  of  the  disease  having  fallen 
on  the  substantia  nigx'a.  The  pigmented  cells  were  reduced  to  a  small  fraction 
of  their  normal  number,  and  in  their  place  were  scattered  particles  of 
pigment  whicli  varied  considerably  in  size.  The  few  cells  that  remained 
showed  various  degenerative  changes,  such  as  eccentric  nuclei,  extrusion  of 
the  pigment,  vacuolization  and  loss  of  the  normal  processes  (fig.  2).     Macro- 
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Fig.  1.— Photomicrograph  x  300.     Pigmented  cells  of  normal  substantia  nigra. 
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Fig.  2. —Photomicrograph  x  300.  Case  1.  Parkinsonian  syndrome  of  eighteen  months 
duration.  Substantia  nigra  showing  marked  reduction  in  the  number  of  pigmented  cells  and 
scattered  masses  of  free  pigment.  The  two  remaining  cells  in  this  field  show  cytolytic 
changes. 
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Fig.  3. — Photomicrograph    x    300.     Case  1.     Perivascular  lymphocytosis  in  region  of 
substantia  nigra,  in  addition  to  cytolytic  changes  in  the  cells. 
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Fig.  4.— Camera  lucida  drawing  x  100.     Case  1.     Recent  perivascular  bremorrhages 
in  region  of  substantia  nigra. 
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and  inicrophages  of  glial  origin  \vere  plentiful,  and  many  were  packed  with 
pigment.  They  could  be  traced  to  the  perivascular  spaces.  In  the  walls  of 
the  larger  meningeal  veins  in  the  interpeduncular  space  there  were  numerous 
particles  of  pigment  ;  these  also  were  evident  in  the  lumen  of  the  vessels, 
usually  in  the  interior  of  the  macrophages.  Pigment  was  also  present  in 
these  veins  in  the  control  brain,  but  it  was  in  very  mucli  smaller  amount  than 
in  this  case.  Perivascular  infiltration  was  more  prevalent  in  the  mid-bi'ain 
tlian  in  the  basal  ganglia  (fig.  3).  A  few  of  the  vessels  showed  hyaline 
degeneration  of  their  walls. 

Numerous  recent  haemorrhages,  similar  to  those  described  above  as  occurring 
in  the  thalamus,  were  present,  especially  in  the  ventral  half  of  the  mid-brain 
(fig.  4). 

The  glial  cell  overgrowth  was  not  accompanied  by  a  parallel  increase  in  the 
glial  fibres. 

The  cells  of  the  loc2is  cceruleiis  were  not  diminished  in  number  ;  a  few  were 
depigmented  and  a  small  proportion  of  them  showed  chromolytic  changes. 
The  cells  of  the  third  nucleus  appeared  normal. 

The  smaller  cells  of  the  red  nucleus  were  normal,  except  for  fairly  well- 
marked  cytolysis.  Some  cells  of  the  pars  magno-cellularis  showed  definite 
changes,  such  as  vacuolization,  and  several  contained  greenish  granules  of 
pigment ;  only  a  few  of  these  cells  appeared  healthy.  There  was  no  apparent 
reduction,  however,  in  their  number. 

Sections  from  the  ijons  and  medulla  showed  capillary  dilatation  and  very 
moderate  perivascular  infiltration.  No  haemorrhages  were  apparent.  The 
cells  of  the  nuclei  of  the  lower  cranial  nerves  were  for  tlie  most  part  healthy, 
although  in  some  there  were  chromolytic  changes. 

Sections  from  the  cervical  and  dorsal  regions  of  the  cord  were  normal. 

The  Weigert-Pal  method  in  sections  from  the  pons  and  medulla  showed  no 
evidence  of  tract  degeneration. 

Case  2. — Female,  aged  68,  came  under  observation  in  February,  1923,  with 
a  condition  of  well-developed  paralysis  agitans. 

She  stated  that  she  had  been  in  good  health  until  an  attack  of  "  influenza," 
about  January,  1920.  This  illness  was  characterized  by  headache,  pains  all 
over,  and  marked  sleeplessness.  She  also  noticed  that  when  she  looked  at 
anything  close,  as  in  reading,  the  letters  ran  together  ;  she  had  never  pre- 
viously been  troubled  in  this  way.  She  gradually  improved  and  at  the  end  of 
a  month  was  able  to  get  up,  but  "  she  had  never  felt  the  same  since."  A  few 
months  later  she  noticed  that  she  could  not  move  her  arms  so  quickly  as 
formerly,  and  that  she  had  a  difficulty  in  getting  upstairs.  Somewhat  later  a 
tremor  appeared  in  the  left  hand.  In  January,  1921,  she  suddenly  lost  the 
use  of  both  legs.  She  remained  in  bed  one  month  and  the  power  of  the  legs 
gradually  returned.  In  February,  1922,  a  similar  attack  occurred,  from  which 
she  recovered  fairly  well. 

On  examination  she  showed  a  condition  of  moderate  general  rigidity  with 
Parkinsonian  facies.     Her  speech  was  slow  and  monotonous.     The  pupils  were 
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unequal,  the  left  Ijeing  larger  than  the  right ;  there  was  a  definite  riglit  ptosis  ; 
this  condition  in  the  right  eye  was  considered  to  be  due  to  paresis  of  the  right 
cervical  sympathetic.  The  pupils  reacted  moderately  well  to  light ;  l)ut  there 
was  no  reaction  on  accommodation.  Convergence  was  much  limited,  other- 
wise the  ocular  movements  were  full. 

Tlie  jaw  and  facial  movements  were  feeble  and  slowly  performed.  There 
was  slight  weakness  of  the  lower  face  on  the  left  side. 

Tlie  limbs  on  both  sides  showed  the  characteristic  rigidity  of  paralysis 
agitans,  but  thic  was  much  more  evident  in  the  limbs  on  the  left  side.  Power 
was  considerably  diminished  and  movements  were  performed  slowly.  There 
was  tremor  in  both  arms,  rapid,  coarse  and  exaggerated  by  movement. 

The  reflexes  were  more  active  on  the  left  side,  and  ankle-clonus  could  be 
obtained  on  this  side.  The  left  plantar  response  was  indefinite,  whilst  the 
right  was  probably  flexor. 

Examination  of  the  heart  showed  evidence  of  left-sided  enlargement  ;  this 
was  attributed  to  the  general  arteriosclerosis  which  was  present.  (Blood- 
pressure  :  systolic  240,  diastolic  140  mm.  Hg.) 

A  diagnosis  of  paralysis  agitans,  probably  post-encephalitic,  was 
made. 

Course. — The  patient  improved  on  hyoscine,  but  on  February  16  suddenly 
became  acutely  ill  with  dyspnoea  and  pyrexia  ;  the  temperature  progressively 
rose  and  reached  104°  F.  on  the  third  day  when  death  occurred.  Despite 
tachypnoea,  no  adequate  signs  to  account  for  the  symptoms  could  be  found  in 
the  lungs.  The  cardiac  condition  showed  no  appreciable  alteration  from  that 
present  when  she  first  came  under  observation. 

An  autopsy  was  performed  six  hours  after  death.  Only  the  brain  was 
removed.     The  membranes  showed  no  gross  abnormality. 

The  brain  was  hardened  for  ten  days  in  formalin-saline  and  was  then 
treated  in  a  precisely  similar  manner  to  the  brain  of  Case  1. 

The  following  were  the  principal  histological  findings.  All  the  cerebral 
arteries  showed  advanced  arteriosclerosis. 

Cerebral  cortex. — Normal,  no  calcification  of  vessels. 

Cerebellum. — Cells  of  Purkinje  appeared  healthy  and  the  dentate  nucleus 
was  normal.     No  calcification  or  inflammatory  changes  were  present. 

Caudate  nucleus. — Vessels  shared  in  the  general  arteriosclerosis,  the 
lumen  of  one  or  two  of  the  arterioles  was  completely  obliterated.  Several  of 
the  vessels  showed  perivascular  infiltration  with  round  cells  and  capillary 
dilatation  was  general.  The  cells  seemed  normal  except  for  pigment  granules 
and  occasional  satellitosis. 

Putamen. — A  comparatively  large  haemorrhage,  not  of  recent  origin,  was 
seen  in  tlie  anterior  part  of  the  putamen  at  its  junction  with  the  globus 
paUidus  ;  the  haemorrhage  partially  involved  the  latter  in  its  anterior  part. 
Except  in  these  areas  the  cells  seemed  normal.  The  vessels  showed  changes 
similar  to  those  in  the  caudate  nucleus. 

Globus    pallidus. — The    anterior    portion    was    partially    involved    in    the 
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hiT>nioiThapo  mentioned  above.  Rome  of  the  vessels  showed  well-mavked  peri- 
vascular infiltration  with  i-ound  cells,  hut  none  of  them  were  thrombosed.  A 
few  vessels  in  anterior  half  of  the  globus  pallidus  showed  calcification  of  their 
walls.  Except  for  the  small  area  involved  in  the  haemorrhage  the  rest  of  the 
globus  pallidus  contained  healthy  motor  cells,  except  for  pigmentation  and 
occasional  satellitosis. 

Internal  capsule  (right). — The  anterior  part  of  the  posterior  limb  was 
slightly  involved  in  an  old  haemorrhage  of  moderate  size  which  affected  the 
thalamus  mainly. 

Thalamua. — The  old  hiemorrhage  occupied  the  outer  part  of  the  thalamus 
and  was  of  moderate  'size;  another  small  area  showed  an  almost  complete 
absence  of  thalamic  cells.  The  remainder  of  the  cells  of  the  thalamus  appeared 
healthy  except  for  pigmentation.  A  numlier  of  quite  recent  perivascular 
htemorrhages  were  present  on  the  inner  wall  of  the  thalamus  adjoining  the 
third  ventricle. 

Subthalamic  region. — Perivascular  haemorrhages  were  pi'ominent,  especially 
around  the  third  ventricle.  A  few  of  the  vessels  showed  definite  perivascular 
infiltration  with  small  round  cells.  (An  accident  occurred  to  the  Weigert-Pal 
blocks  from  the  basal  ganglia  on  the  left  side  and  also  to  the  block  from  the 
subthalamic  region,  so  that  no  Weigert-Pal  sections  were  obtained  from  these 
regions.) 

Mid-brain. — The  substantia  nigra  showed  no  perceptible  reduction  in  the 
number  of  cells  on  either  side,  though  a  slight  degree  of  depigmentation  had 
taken  place.  A  few  of  the  vessels  showed  inflammatory  changes,  but  there  was 
no  evidence  of  glial  cell  proliferation. 

Pons,  medulla  and  cervical  region  of  the  cord  sliowed  no  changes  of  note. 
"Weigert-Pal  sections  of  these  regions  showed,  however,  a  slight  but  definite 
lesion  of  both  pyramidal  tracts. 

Sunnnanj  of  Histological  Findings  in  the  Tico  Cases. 

(1)  In  both  cases  subacute  inflammatory  changes  vfere  found  ;  in 
Case  1  these  v^ere  more  prominent  than  in  Case  2,  and  were  most 
marked  in  the  mesencephalon.  In  Case  2  the  changes  were  slighter 
and  were  more  evident  in  the  basal  ganglia  and  subthalamic  region  than 
in  the  mid-brain. 

(2)  In  Case  1  there  was  a  marked  diminution  of  the  cells  of  the 
substantia  nigra  on  either  side ;  in  Case  2  the  cells  showed  no  reduction 
in  number. 

(3)  The  mode  of  death  in  both  cases  was  strikingly  similar,  namely 
a  sudden  onset  of  pyrexia  and  tachypncea  which  icere  progressive.  Mile. 
G.  Levy,  in  her  recent  book  on  the  late  manifestations  of  encephalitis 
lethargica,  also  describes  this  mode  of  death  in  four  cases  of  advanced 
Parkinsonism.      In   neither  of    the    two    cases    above    described    were 
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changes  found  in  the  medulla  to  account  for  the  marked  increase  in 
the  respiratory  rate,  and  no  signs  were  observed  in  the  chest  in  either 
case  during  life  sufficient  to  account  for  the  tachypnoea.  The  peri- 
vascular haemorrhages  were  similar  in  both  cases  and  occurred  in  practi- 
cally the  same  locality,  i.e.,  around  the  third  ventricle.  It  seems 
probable  that  these  acute  changes  indicated  a  sudden  flaring  up  of  the 
morbid  process,  and  that  this  was  the  immediate  cause  of  death. 

In  both  cases  calcareous  deposits  were  observed  in  the  walls  of  the 
vessels  in  the  anterior  part  of  the  globus  pallidus  and  in  this  region 
only. 

III. 

P.ATHOGENESIS    OF    PARALYSIS   AgITANS. 

No  attempt  will  be  made  here  to  discuss  fully  the  pathogenesis  of 
paralysis  agitans.  There  are  at  present  two  opposing  schools  of 
thought.  The  one  represented  by  the  Vogts,  Lhermitte,  Kamsay  Hunt 
and  others,  consider  that  the  causative  lesion  in  idiopathic  paralysis 
agitans  lies  in  the  globus  pallidus. 

The  other,  led  by  Tretiakoff  [13],  who  is  supported  by  Pierre 
Marie,  thinks  that  the  symptomatology  of  this  condition  is  dependent 
on  disease  of  the  substantia  nigra.  Tretiakoff  bases  his  opinion  on  a 
close  study  of  the  substantia  nigra  in  twenty-nine  cases  representing 
a  variety  of  organic  diseases,  inflammatory  and  otherwise,  of  the  central 
nervous  system.  In  twenty  of  these  cases  he  found  no  changes  in  this 
region.  In  all  the  cases  of  idiopathic  paralysis  agitans  which  he 
examined,  numbering  mne,  he  found  degenerative  changes  in  the 
substantia  nigra ;  he  further  states  that  in  the  type  of  acute  encephalitis 
lethargica  characterized  by  katatonia  he  has  found  similar  changes  in 
this  region.  He  also  describes  a  case  in  which  a  unilateral  lesion  of 
the  locus  niger  was  accompanied  by  paralysis  agitans  affecting  the  limbs 
on  the  opposite  side  only. 

Lhermitte  and  Cornil  [10],  on  the  other  hand,  in  seven  cases  of 
disease  other  than  paralysis  agitans,  i.e.,  combined  sclerosis  of  specific 
origin,  syringomyelia,  cerebral  tumour,  two  cases  of  complete  section  of 
the  cervical  region  of  the  cord  and  senile  dementia,  state  that  they 
found  alteration  in  the  cells  in  the  substantia  nigra  in  all  the  cases. 
Tretiakoff,  in  reply  to  these  criticisms,  emphasizes  the  importance  of 
three  concomitant  factors  in  such  cases :  (1)  the  physiological  state  of 
the  patient  ;   (2)  the  condition  of  the  other  systems  of  fibres,  especially 
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the  pyramidal  system  ;  (3)  the  time  elapsing  between  the  occurrence  of 
the  lesion  and  the  death  of  the  patient. 

I  have  examined  the  substantia  nigra  in  one  case  of  each  of  the 
following  diseases :  myasthenia  gravis,  cerebral  syphilis,  subacute 
combined  degeneration  of  the  cord,  primary  dementia,  myotonia 
atrophica,  and  recurrent  cerebral  haemorrhage.  In  none  of  these  cases 
did  I  find  a  diminution  of  the  number  of  the  cells,  or  depigmentation  of 
pathological  importance. 

Three  cases  of  idiopathic  paralysis  agitans  were  also  examined  from 
this  point  of  view,  and  in  all  three  cases  a  normal  substantia  nigra  was 
found  on  both  sides. 

The  substantia  nigra  in  three  cases  of  encephalitis  lethargica,  fatal 
in  the  acute  stage,  was  found  to  be  markedly  affected  ;  the  reduction  in 
the  number  of  cells  and  the  scattered  masses  of  pigment  being  striking 

(fig.  6). 

In  Case  1,  as  previously  described,  the  degenerative  changes  in  the 
locus  niger  were  very  marked,  and  contrasted  well  with  the  relative 
paucity  of  the  lesions  in  the  globus  pallidus. 

In  Case  2  the  substantia  nigra  showed  nothing  abnormal  beyond 
very  slight  depigmentation,  and  it  is  certain  that  the  marked  condition 
of  rigidity  which  was  present  did  not  depend  on  a  lesion  in  this  region. 
I  do  not  wish  to  emphasize  this  case  as  one  of  encephalitis  lethargica  in 
which  the  substantia  nigra  was  normal.  I  am  not  certain  that  the 
paralysis  agitans  in  this  case  depended  on  the  attack  of  encephalitis 
lethargica,  because  large  haemorrhages,  which  were  obviously  due  to 
primary  arterial  disease,  were  present  in  the  basal  ganglia  on  the  right 
side  and  involved  the  globus  pallidus. 

In  more  than  half  the  cases  of  the  Parkinsonian  syndrome  following 
encephalitis  lethargica  which  have  come  to  autopsy,  changes  in  the 
substantia  nigra  were  definitely  stated  to  be  the  most  prominent  patho- 
logical finding ;  moreover,  in  every  case  some  degenerative  change 
affecting  the  cells  of  the  substantia  nigra  was  found.  Case  1  showed 
these  changes  in  a  marked  degree. 

We  may  surmise  then  that  in  idiopathic  paralysis  agitans  a  lesion 
of  the  globus  pallidus,  or  possibly  of  the  subthalamic  structures  with 
which  it  is  connected,  is  the  usual  pathological  basis  of  the  disease; 
whereas  post-encephalitic  Parkinsonism  is  usually  due  to  degeneration 
of  the  substantia  nigra. 
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IV. 

Calcification  in  Encephalitis  Lethaegica. 

Buzzard  and  Greenfield  [1]  in  1918  were  the  first  to  note  the 
occurrence  of  calcification  in  encephalitis  lethargica.  The  case  was 
that  of  a  young  woman  of  28  who  died  six  months  after  an  acute  attack 
of  this  disease.  Calcification  of  a  few  vessels  in  the  cortex,  and  more 
particularly  of  the  vessels  of  the  globus  pallidus,  was  described 
by  them. 

Diirch  [3]  in  1921  found  calcification  in  twelve  out  of  fifteen  fatal 
cases  of  encephalitis  lethargica.  The  ages  of  the  patients  ranged  from 
30  to  60  years.     Death  occurred  in  one  case  as  early  as  the  eighth  day. 


Pig.  5. Diagram  of  basal  ganglia.     Dotted  area  indicates  the  region  principally 

affected  by  calcification  in  encephalitis  lethargica. 


He  described  three  forms  of  calcification  :  (1)  calcification  of 
vessels  ;  (2)  globules  of  calcium  lying  free  in  the  supporting  tissue  ; 
(3)   calcification  of  nerve  cells,  this  being  the  rarest  form. 

The  calcification  of  vessels  occurred  most  frequently  in  the  corpus 
striatum,  but  also  was  found  in  the  nucleus  dentatus,  hippocampus, 
cornu  Ammonis,  hemispheres  and  optic  thalamus. 

The  calcified  globules  were  most  commonly  observed  in  the  hemi- 
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spheres,  less  often  in  the  corpus  striatum,  and  occasionally  in  the  corpus 
callosum.  gyrus  hippocampi,  optic  thalamus  and  medulla  oblongata. 

I  have  examined  the  brains  of  six  fatal  cases  of  encephalitis 
lethargica.  three  dying  in  the  acute  stage  and  three  a  year  or  more 
after  the  original  attack.  In  all  six  cases  calcification  in  varying  forms 
was  found. 

In  all  the  cases,  except  one,  the  process  was  limited  to  the  anterior 
part  of  the  globus  pallidus  (fig.  5). 

Cose  1. — A  case  of  paralysis  agitans,  has  already  been  described  fully.  As 
previously  mentioned  the  basal  ganglia  were  cut  horizontally  into  six  slabs 
and  numbered  accordingly,  No.  1  being  uppermost,  i.e.,  through  the  head  of 
the  caudatf^  nucleus. 

In  sections  from  slab  4,  i.e.,  through  the  middle  of  the  globus  pallidus, 
well  max-ked  calcification  was  found  in  the  majority  of  the  vessels  in  the 
anterior  half  of  the  globus  pallidus.  The  vessels  in  this  region  in  sections 
from  slabs  3  and  5  showed  hyaline  degeneration,  chiefly  of  the  media,  but  no 
deposit  of  calcium  salts  in  their  walls.  The  cortex  from  several  regions  of 
the  cerebellum  and  hemispheres  was  carefully  examined,  but  no  similar 
changes  in  the  vessel  walls  were  observed. 

In  addition  to  the  change  in  the  vessels,  a  number  of  mulberry  shaped 
globules,  staining  dark  brown  with  haematoxylin,  were  noted  (Plate,  figs.  1 
and  3). 

Case  2. — A  case  of  paralysis  agitans  showed  moderate  calcification  of 
vessels  in  the  anterior  half  of  the  globus  pallidus.  This  change  was  not 
present  in  sections  from  slab  6,  i.e.,  the  lowest  part  of  the  globus  pallidus. 
No  mulberry-shaped  or  calcified  globules  were  observed,  nor  any  fatty  globules 
in  frozen  sections  of  the  globus  pallidus  stained  by  Scharlach  E. 

Case  3. — Male,  aged  20,  was  admitted  to  the  National  Hospital  on 
December  29, 1922,  under  the  care  of  Dr.  J.  Collier,  to  whom  I  am  indebted  for 
permission  to  publish  the  case. 

According  to  his  father  the  f)atient  seemed  in  his  ordinary  good  health  until 
December  26,  1922,  when  he  complained  of  feeling  "  out  of  sorts."  He 
remained  at  home  on  the  27th  and  2Sth,  but  he  did  not  go  to  bed  or  complain 
of  any  further  symptoms.  On  the  moi-ning  of  the  29th  he  was  found  by  his 
father  unconscious  in  bed  and  later  he  had  a  fit. 

On  admission  to  the  National  Hospital  he  was  unconscious,  but  responded 
by  movements  of  the  limbs  to  painful  stimuli.  Breathing  was  stertorous. 
SaUvation  excessive.  Temperature  102°  F.  Pulse  100.  Respirations  30. 
The  pupils  were  noted  as  small  and  reacted  poorly  to  light.  The  right  side  of 
the  face  moved  less  well  than  the  left.  There  was  no  paresis  of  the  limbs. 
The  arms  were  flexed  and  held  rigidly  across  the  chest.  The  deep  reflexes 
were  active ;  the  abdominal  reflexes  were  absent ;  the  plantar  response  on  each 
side  was  extensor  in  type. 
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At  8  p.m.  on  tlie  29th  he  had  a  generalized  convulsion  and  another  at 
1  a.m.  on  the  30th.     He  died  during  the  course  of  that  day. 

An  autopsy  showed  typical  findings  of  an  acute  encephalitic  lethargica, 
namely,  general  vascular  dilatation,  perivascular  haemorrhages,  and  moderate 
round-celled  infiltration.  These  changes  were  much  more  marked  in  the 
basal  ganglia  and  cortex  generally  than  elsewhere.  The  mid-brain  showed 
veiy  few  changes,  and  the  substantia  nigra  was  normal. 

In  addition  to  these  findings  certain  changes  were  present  in  the  anterior 
half  of  the  globus  pallidus,  namely  :  (l)  hyaline  degeneration  of  the  vessels 
mainly  affecting  the  media  ;  (2)  early  calcification  in  a  number  of  the  arteries 
and  arterioles  (fig.  7  and  Plate,  fig.  5)  ;  (3)  mulberry  globules,  similar  to 
those  mentioned  in  Case  1  (Plate,  figs.  1  and  3).  Sections  from  the 
cerebellum  and  cerebral  cortex  showed  no  similar  affection  of  the  vessels. 

Case  4  was  a  case  of  encephalitis  lethargica  in  which  death  occurred  in  the 
acute  stage.  Unfortunately  all  details  of  the  illness  are  missing  and  cannot 
be  traced. 

The  histological  findings  were  as  follows :  Well  marked  inflammatory 
changes  typical  of  acute  encephalitis  lethargica,  i.e.,  general  vascular  infiltra- 
tion with  round  cells  and  typical  "  cuffing."  These  changes  were  present  in 
cortex,  cerebellum,  basal  ganglia,  brain-stem  and  cord,  but  were  most  marked 
in  the  mid-brain.  There  was  considerable  destruction  of  the  cells  of  the 
substantia  nigra.  In  addition  to  tliese  findings  there  was  present  calcification 
of  vessels  in  the  anterior  part  of  the  globus  pallidus  and  to  a  less  extent  in 
the  cerebellum. 

In  the  globus  pallidus  were  seen  calcified  granules  of  small  size,  lying  free 
in  the  sui)porting  tissues  and  ranged  along  the  capillary  walls  (fig.  8).  In 
frozen  sections  from  the  basal  ganglia  on  the  opposite  side,  stained  with 
Scharlach  E.,  the  earliest  stage  of  these  globules  could  be  seen  in  the  form  of 
fatty  globules.  These  were  confined  to  the  anterior  half  of  the  glol)US  pallidus. 
(Plate,  figs.  1  and  2.) 

Cfl.se  5. — The  histological  investigation  of  this  case  was  carried  out  by 
Dr.  J.  P.  Martin,  to  whom  I  am  mucli  indebted  for  permission  to  examine 
his  sections.  " 

Female,  aged  25,  was  admitted  to  the  National  Hospital  in  April,  1921. 
In  April,  1920,  she  had  an  attack  of  enceplialitis  lethargica.  She  improved 
slowly,  but  in  August  of  the  same  year  she  commenced  to  have  repeated  tonic 
contractions  of  certain  muscles  of  the  trunk,  and  these  persisted. 

On  examination  she  showed  a  somewhat  expressionless  face  with  a  flexed 
posture  of  the  arms,  suggesting  an  early  Parkinsonian  syndrome.  The 
respiratory  rate  was  constantly  increased  and  averaged  40  to  the  minute. 

In  addition  she  had  constant  involuntary  movements  of  both  shoulders, 
the  left  being  more  affected  than  the  right.  The  movements  were  due  to 
spasmodic  contraction  of  the  latissimus  dorsi.  During  the  last  six  weeks  of 
the  illness  there  was  continued  pyrexia.     Death  took  place  on  June  18,  1921. 
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The  principal  histological  findings  were  as  follows :  (l)  The  mid-brain 
show'ed  no  changes  of  note  beyond  slight  depigmentation  of  the  substantia 
nigra  and  a  slight  reduction  in  the  number  of  cells.  (2)  The  subthalamic 
region  showed  a  number  of  recent  perivascular  haemorrhages  in  the  region  of 
the  third  ventricle  ;  these  were  similar  in  all  respects  to  those  found  in  cases 
1  and  2.  (3)  The  basal  ganglia  presented  no  marked  lesions  except  gross 
calcifications  of  the  vessels  and  many  calcified  globules  in  anterior  half  of  the 
globus  pallidus  (fig.  9  and  Plate,  figs.  1,  4  and  6).  The  cortex  and  cerebellum 
showed  minimal  changes,  but  no  evidence  of  calcification  was  found  elsewhere 
than  in  the  globus  pallidus. 

Case  6  was  a  child,  aged  7,  who  died  on  the  tenth  day  of  an  acute 
attack  of  chorea,  which  may  have  been  a  manifestation  of  encephalitis 
lethargica.  In  the  brain,  in  addition  to  mild  inflammatory  changes,  there  was 
definite  calcification  of  a  few  medium-sized  arteries  in  the  anterior  part  of  the 
globus  pallidus,  and  mulberry  globules  in  the  putamen  and  globus  pallidus. 
The  vessels  of  the  cortex  of  the  hemispheres  and  cerebellum  showed  no 
calcification. 

As  controls  for  the  occurrence  of  calcification  in  the  globus  pallidus 
brains  of  persons  dead  with  the  following  conditions  were  examined  : 
An  accident,  cerebral  tumour  (two  cases),  sub-acute  combined  de- 
generation of  the  cord,  transverse  lesion  of  the  cord  in  the  cervical 
region,  Huntington's  chorea,  and  three  cases  of  idiopathic  paralysis 
agitans. 

In  the  case  of  Huntington's  chorea  well-marked  calcification  of 
vessels  was  found  in  the  anterior  part  of  the  globus  pallidus,  but  in 
no  other  situation ;  mulberry  globules  were  also  observed  in  the  basal 
ganglia. 

In  all  three  cases  of  idiopathic  paralysis  agitans  there  was  calcifica- 
tion of  the  vessels  in  anterior  part  of  the  globus  pallidus.  In  none  of 
the  other  cases  examined  were  such  changes  seen. 

The  Yogts  in  their  latest  monograph  on  diseases  due  to  pathological 
changes  in  the  basal  ganglia  make  mention  of  only  one  case  showing 
calcification  of  vessels  and  of  globules  such  as  were  present  in  the  cases 
described  above.  This  was  a  case  of  Westphal's,  who  died  in  1918 
after  a  seven  weeks'  illness  characterized  by  athetotic  movements,  and 
later  by  dysarthria,  dysphagia,  retropulsion  and  general  rigidity.  The 
history  and  photomicrographs  strongly  suggest  an  attack  of  encephalitis 
lethargica,  although  no  mention  is  made  of  this  diagnosis  in  the  text. 

From  the  findings  in  the  six  cases  described  above  it  is  evident  that 
calcification  occurs  almost  constantly  in  the  globus  pallidus  in  acute 
and  chronic  cases  of  encephalitis  lethargica.  In  all  six  cases  calcification 
of  the  vessels  was  observed,  and  in  five  out  of  the  six  cases  globules, 
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either  fatty,  or  in  mulberry  form,  or  fully  calcified,  were  seen.  Further,, 
it  must  be  emphasized  that  these  changes  were  localized  in  every  case 
except  one  (No.  4)  to  the  anterior  half  of  the  globus  pallidus,  which 
area  is  supplied  by  internal  striate  branches  of  the  middle  cerebral 
artery.     These  changes  will  now  be  considered  more  fully. 

Calcification  of  Vessels. 

This  may  appear  at  a  very  early  stage  of  encephalitis  lethargica,  i.e., 
on  the  fourth  day  of  the  illness  in  Case  4.  Diirch  [3]  found  the 
condition  present  in  a  patient  who  died  on  the  eighth  day. 

Age  seems  to  play  no  part  in  its  production,  as  Case  6  was  aged 
seven,  and  two  of  the  other  cases  were  under  the  age  of  thirty  years. 

The  changes  in  the  vessel  wall  preceding  the  deposition  of  calcium 
salts  may  be  of  two  kinds  :  (1)  a  hyaline  degeneration  chiefly  of  the 
media,  which  becomes  swollen  and  loses  some  of  its  nuclei;  (2)  a  fatty 
degeneration  of  the  vessel  wall,  the  fatty  globules  appearing  in  the 
Virchow-Robin  space,  or  more  rarely  in  the  media.  These  processes  do 
not  as  a  rule  occur  together  in  the  same  vessel,  hyaline  degeneration 
being  the  commonest. 

The  earliest  deposits  of  calciuni  usually  occur  between  the  adventitia 
and  the  media.  In  vessels  slightly  affected  the  deposit  may  be  seen  in 
only  a  portion  of  the  wall.  The  calcium  is  deposited  in  the  form  of 
granules  uniformly  small  in  size.  The  media  is  then  invaded,  and  the 
granules  coalesce  to  form  solid  plaques  which  entirely  surround  the 
vessel.  The  elastic  lamina,  in  vessels  in  which  the  process  is 
advanced,  may  be  broken  up  in  places  and  the  granules  may  be  seen 
immediately  under  the  intima,  but  this  is  rare  and  the  intima  is  usually 
spared.  In  addition  to  the  deposit  between  the  adventitia  and  the 
media,  and  in  the  media  itself,  vessels  are  sometimes  seen  surrounded 
by  a  number  of  small  calcified  granules  which  have  invaded  the 
Virchow-Robin  space. 

The  lumen  of  the  vessel  is  as  a  rule  unaltered.  One  vessel  in 
Case  5  was  seen  to  be  thrombosed,  and  the  thrombus  consisted  entirely 
of  calcium  salts.  Arteries  and  capillaries  of  all  sizes  may  be  affected  ; 
the  veins  less  constantly  show  this  change.  There  is  rarely  a 
concomitant  perivascular   infiltration  of  the  vessels  with  round   cells. 

Fat  glohides. — In  only  one  case  (Case  4)  was  an  opportunity  afforded 
to  study  the  earliest  stages  in  the  formation  of  these  calcified  globules. 
This  was  a  case  in  which  death  occurred  during  the  acute  stages  of  the 
disease. 

In  frozen  sections  of  the  basal  ganglia  stained  with  Scharlach  R.,  a. 
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large  number  of  fatty  globules  were  seen  in  the  anterior  half  of  the 
globus  pallidas.  No  other  parts  of  the  basal  ganglia  were  thus  affected. 
These  globules  varied  considerably  in  size  from  1-2 /i  up  to  20 /x  or  more. 
They  lay  free  in  the  supporting  tissue  ;  many  were  aggregated  along 
the  walls  of  the  capillaries.  About  half  the  number  of  globules  seen 
were  solid ;  the  remainder  showed  varying  degrees  of  vacuolation. 
The  majority  had  a  darker  staining  periphery  (alum  haematoxylin  was 
used  as  a  counterstain)  and  some  in  addition  showed  a  second  darkly 
staining  ring  in  the  substance  of  the  globule,  which  gave  it  the  appear- 
ance of  possessing  a  nucleus.  Most  of  the  globules  were  round  in  form 
and  were  regular  in  outline.  Some  showed  a  crenated  edge,  and  in 
them  more  darkly  staining  portions  were  usually  seen.  In  a  few  the 
fatty  element  staining  with  Scbarlach  E.  was  replaced  almost  entirely 
by  a  blue-black  mass  which  stained  with  haematoxylin,  and  which 
presumably  consisted  of  calcium  salts.  All  intermediate  stages  in 
pigmentation  of  the  fatty  globules  were  observed  (see  Plate,  figs.  1 
and  2). 

In  celloidin  sections  from  the  basal  ganglia  of  the  opposite  side  in 
this  case,  fully  formed  calcified  globules  were  seen  in  the  globus  pallidus 
(fig.  8). 

An  attempt  was  made  to  determine  the  nature  of  the  fat  composing 
the  globules. 

Methods. — (1)  Frozen  sections  were  stained  with  Scharlach  R., 
osmic  acid,  and  Nile-blue  sulphate. 

(2)  Frozen  sections  submitted  to  the  action  of  fat  solvents,  e.g.> 
acetone,  ether,  xylol,  were  treated  as  above. 

(3)  Bell's  modification  of  the  Dietrich-Ciaccio  method. 

(4)  Haematoxylin  after  mordanting  with  bichromate. 

(5)  Bichromate-osmic  acid  method. 

(6)  Behaviour  in  polarized  light. 

With  Scharlach  the  globules  stained  well,  but  as  previously  described, 
varying  degrees  of  pigmentation,  commencing  at  the  periphery  of  the 
globule,  were  seen. 

The  globules  remained  unaltered  after  treatment  with  fat  solvents  ; 
an  attempt  was  made  to  remove  the  pigmented  outer  ring  of  the  globules 
by  a  3  per  cent,  solution  of  acetic  acid,  but  sections  so  treated  showed 
the  same  resistance  to  the  fat  solvents  mentioned. 

The  globules  stained  moderately  well  with  osmic  acid,  the  periphery 
of  the  globule  always  stained  the  most  deeply.  With  the  bichromate- 
osmic  acid  method,  the  same  results  were  obtained. 
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With  Nile-blue  sulphate  the  globules  stained  pink,  but  this  may 
have  depended  on  the  long  formalin  fixation. 

Sections  stained  by  Bell's  method  showed  similar  results  to  those 
stained  simply  by  Scharlach  R. 

The  globules  in  unstained  and  stained  sections  showed  no  double 
refraction  with  polarized  light. 

Conclusions. 

It  is  evident  from  these  results,  many  of  which  are  contradictory, 
i.e.,  the  behaviour  of  the  globules  in  presence  of  fat  solvents  and 
polarized  light,  that  we  are  here  dealing  with  fat  substances  which  differ 
in  several  ways  from  those  occurring  in  morbid  conditions  in  other  parts 
of  the  body. 

The  globules  seem  to  remain  unaltered  throughout  the  various 
tests.  What  is  there  in  these  globules  which  differs  from  other 
fatty  deposits  elsewhere  ?  It  would  seem  that  the  answer  to  this 
question  lies  in  the  presence  of  the  pigmented  envelope  which  surrounds 
the  globules ;  this  was  sometimes  observed  as  a  mere  ring,  but  many 
globules  showed  an  extension  of  this  process  inwards  (Plate,  fig.  1). 
This  protective  covering  probably  prevents  the  contained  fatty  substance 
in  the  globule  behaving  as  an  ordinary  fat  when  subjected  to  the  usual 
tests. 

Emrys-Roberts  and  Haig  [4]  have  described  in  a  recent  paper  the 
occurrence  of  similar  pigmentary  changes  in  fat  globules  which  they 
have  observed  in  the  myocardium,  kidney  and  liver  in  fatal  cases  of 
fulminating  diphtheria  and  subacute  septicaemia.  They  describe  the 
fatty  granules  as  occurring  in  cells  undergoing  degenerative  changes; 
these  globules  then  may  leave  the  damaged  cells  and  appear  in  the 
surrounding  tissue.  A  further  stage  then  occurs,  namely  an  alteration 
in  the  fatty  or  lipoidal  globules  whereby  a  progressive  loss  of  fatty  con- 
tents is  accompanied  by  a  gradual  deposition  of  pigment  at  the  periphery 
of  the  globules ;  a  shrmkage  process  follows,  resulting  in  the  formation 
of  minute  deeply  pigmented  spheroidal  granules.  They  investigated 
the  nature  of  the  fat  content  of  these  globules  by  a  large  variety  of 
methods  and  stated  as  a  result  of  their  findings  that  these  bodies  were 
present  unaltered  morphologically  and  functionally  in  all  frozen  and 
paraffin  sections  both  stained  and  unstained. 

The  resemblance  between  the  bodies  described  by  these  two 
observers  and  the  fatty  globules  in  encephalitis  lethargica  is  striking, 
and  it  seems  probable  that  w^e  are  dealing  with  a   similar  alteration 
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in  the  fatty  contents  of  the  globules  and  bodies,  though  there  is  no 
indication  as  far  as  I  have  observed  that  the  fatty  globules  in  encephal- 
itis lethargica  originate  from  degenerated  cells. 

Calcified  globules. — In  three  of  the  six  cases  examined  (1,  3,  and  6), 
in  sections  stained  by  haematoxylin  and  van  Gieson  a  number  of 
globules  were  seen  lying  free  in  the  supporting  tissue  in  the  anterior 
half  of  the  globus  pallidus,  and  in  two  of  the  cases  also  in  other  parts 
of  the  basal  ganglia.  These  bodies  stained  varying  shades  of  brown ; 
some  showed  a  blue-black  nucleus.  In  shape  they  somewhat  resembled 
a  mulberry,  and  have  already  been  referred  to  as  mulberry  globules 
(Plate,  f5gs.  1  and  3).  These  bodies  are  formed  by  the  fusion  of 
several  globules,  and  may  be  as  large  as  50  /x  to  60  /x.  Small  single 
round  globules,  staining  in  a  similar  manner,  may  be  seen  lying  along 
capillary  walls.  From  the  resemblance  in  size  and  shape  to  the  fully 
calcified  globules  {vide  infra),  and  also  from  the  presence  in  some  of 
them  of  a  blue-black  nucleus,  it  was  thought  that  these  mulberry 
bodies  were  possibly  transitional  forms  between  the  fatty  globules  and 
the  calcified  globules,  but  it  seems  as  likely  that  they  ma}-  form  an 
alternative  process  to  the  calcified  globules. 

The  latter  were  found  in  two  out  of  the  six  cases  in  sections  stained 
by  haematoxylin  and  van  Gieson.  In  Case  4  the  occurrence  of  fatty 
globules  has  already  been  described  ;  in  sections  from  the  basal  ganglia 
of  the  opposite  side  small  fully  calcified  globules  were  seen  lying  free  in 
the  supporting  tissue  in  a  small  area  in  the  anterior  half  of  the  globus 
pallidus  (fig.  8).  In  Case  5  similar  globules,  though  more  numerous, 
were  found  in  the  same  part  of  the  globus  pallidus  (fig.  9  and  Plate, 
figs.  1  and  4).  In  both  cases  there  was  an  accompanying  calcification 
of  the  vessels.  These  globules  stain  homogeneously  blue-black  with 
haematoxylin  ;  they  occur  singly  as  small  globules  2/i  to  loxy.  in  diameter, 
or  in  large  "  knobby  "  masses  50  yu,  to  (30  /^  in  size.  The  majority  of 
the  globules  were  seen  to  lie  along  the  walls  of  the  capillaries,  and  often 
as  minute  granules  around  the  larger  vessels. 

The  Occurrence  of  Calcification  in  the  Brain  in  other 

Conditions. 

In  arteriosclerosis,  especially  the  senile  form,  deposits  of  calcium 
salts  in  the  media  are  not  of  uncommon  occurrence.  They  also  occur 
in  corpora  amylacea  and  in  psammomatous  tumours. 

Diirch  has  found  calcification  of  the  cerebral  vessels  in  the  brain  of 
an  idiot.     He  refers  to  further  cases  published  by  Virchow,  Schmincke, 
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and  others,  and  particularly  to  three  cases  of  fatal  carbon  monoxide 
poisoning  which  died  between  the  fourth  and  eleventh  day,  reported 
by  Herzog.  who  found  calcification  in  the  vessels  in  the  lenticular 
nucleus  and  mulberry-shaped  bodies  lying  free  in  the  supporting  tissue. 
He  considered  that  hyaline  degeneration  preceded  the  deposit  of  calcium 
salts  in  the  vessels. 

Diirch  and  Weingarten  ha\e  both  observed  calcification  in  the 
vessels  of  the  corpus  striatum  in  cases  of  malignant  malaria. 

Weimann  [18]  has  lately  reported  a  case  of  dementia  of  ten  years 
duration  in  which  calcification  was  so  widespread  as  to  affect  even  the 
vessels  in  the  pons. 

The    Pathogenesis  of  Calcification    in    the  Cerebral  Vessels. 

The  characteristic  staining  reaction  with  haematoxylin  was  accepted 
as  sufficient  evidence  that  the  deposit  occurring  in  the  vessel  walls  and 
as  globules  consisted  of  calcium  salts.  No  other  specific  stain  for 
calcium  was  used. 

Weimann  has  made  an  exhaustive  chemical  study  of  this  deposit. 
He  points  out  that  in  material  which  has  been  in  formalin  for  any 
length  of  time  most  of  the  specific  calcium  tests  are  negative  ;  he  attri- 
butes this  to  the  action  of  formic  acid  on  the  calcium.  He  further 
states  that  these  deposits  give  a  positive  iron  reaction,  while  tests  for 
amyloid  substance  and  glycogen  were  negative.  He  considers  that  the 
deposit  is  allied  to  a  colloid  group,  and  represents  a  ground  substance 
containing  iron  and  fatty  substances.  He  emphasizes  the  fact  that  the 
deposit  of  the  calcium  granules  first  appears  in  the  lymph  spaces  of  the 
vessel  wall,  and  he  agrees  with  Hoefmeister  who  thinks  that  the 
deposition  of  calcium  depends  on  an  excess  of  calcium  salts  in  the 
blood.  The  chalk  is  held  in  solution  by  protective  colloids  ;  if  the  latter 
be  precipitated,  then  they  may  attract  calcium  salts,  this  process  being 
further  helped  by  a  lowered  CO2  content  of  the  blood. 

Conclusions. 

Although  of  considerable  interest  histologically  I  do  not  think  that 
these  changes  play  an  important  part  in  the  production  of  the  symptoms 
of  paralysis  agitans  for  the  following  reasons :  (1)  the  lumina  of  the 
vessels  remained  patent  except  in  one  vessel  in  a  single  case.  Despite 
this  probable  result  I  could  find  no  evidence  of  serious  nutritional 
alteration  in  the  cells  in  the  neighbourhood  of  the  affected  vessels  or 
globules.     (2)  In  two  cases  showing  choreiform  movements,  i.e.,  Case  6, 
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and  a  case  of  Huntington's  chorea,  well-marked  calcification  of  the 
vessels  in  anterior  part  of  the  globus  pallidus  was  found,  but  neither 
of  these  cases  showed  muscular  rigidity  or  any  evidence  of  alteration 
in  the  function  of  the  large  motor  cells  of  the  globus  pallidus.  (3)  In 
Case  5,  a  chronic  case  of  encephalitis  lethargica,  the  chief  clinical 
symptoms  were  involuntary  movements  ;  the  degree  of  Parkinsonism 
in  this  case  was  extremely  slight  and  may  have  been  accounted  for  by 
the  slight  changes  in  the  substantia  nigra.  On  the  other  hand,  the 
globus  pallidus  in  this  case  showed  a  more  advanced  degree  of  calcifica- 
tion of  vessels  and  more  uncommon  calcified  globules  than  in  any  of 
the  cases  which  presented  the  Parkinsonian  syndrome  in  a  marked 
degree. 

Taking  into  consideration  the  facts  mentioned  by  Weimann,  and 
comparing  the  morbid  process  in  encephalitis  lethargica  with  that 
existing  in  those  cases  of  carbon  monoxide  poisoning  and  malignant 
malaria  in  which  calcification  of  vessels  has  been  found,  it  seems  evident 
that  a  toxic  process,  either  of  bacterial  or  gaseous  origin,  acts  on  the 
walls  of  the  vessels  and,  either  directly  by  causing  a  hyaline  degenera- 
tion therein,  or  by  so  altering  the  tissue  fluids  circulating  in  the  lymph 
spaces  of  the  vessels  that  there  is  a  modification  in  the  normal  state  of 
the  blood  calcium,  permits  of  a  deposit  of  calcium  salts  within  them. 
It  seems  probable  that  only  this  latter  process  could  account  for  such  a 
rapid  deposit  of  calcium  salts  as  has  been  shown  to  occur  in  acute 
cases  of  encephalitis  lethargica.  The  selective  action  of  the  process  on 
the  vessels  in  the  anterior  portion  of  the  globus  pallidus  I  am  unable 
to  explain. 

Summary. 

An  account  is  given  of  the  histological  findings  in  two  cases  of  the 
Parkinsonian  sjndrome  following  encephalitis  lethargica. 

The  most  constant  findings  were  subacute  inflammatory  changes 
and  recent  perivascular  haemorrhages.  In  one  case  the  substantia  nigra 
showed  marked  degenerative  changes,  and  in  the  other  this  area 
appeared  normal ;  but  large  haemorrhages  of  arteriosclerotic  origin  in 
the  basal  ganglia  considerably  modify  the  negative  findings  in  the  sub- 
stantia nigra  in  the  second  case.  An  account  is  given  of  fourteen 
similar  cases  reported  in  the  literature,  in  all  of  which  the  substantia 
nigra  was  affected. 

Calcification  in  the  anterior  part  of  the  globus  pallidus  was  found  in 
six  cases  of  encephalitis  lethargica,  in  one  case  as  early  as  the  fourth 
day   of  the  disease.       The  calcification  was  found  both   in  the  vessel 
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walls  and  in  the  form  of  {globules  ;  the  occurrence  of  fat  globules  was 
noted  in  one  case,  and  the  relation  between  these  and  the  calcified 
globules  was  studied. 

A  short  account  is  given  of  other  conditions  in  which  calcification 
occurs  in  the  brain,  and  the  pathogenesis  and  significance  of  these 
changes  are  discussed. 

I  must  express  my  gratitude  to  Dr.  J.  G.  Greenfield,  Pathologist  to 
the  National  Hospital  for  the  Paralysed  and  Jipileptic,  Queen  Square, 
London,  for  his  valuable  advice  and  great  kindness  in  placing  at  my 
disposal  a  considerable  amount  of  the  morbid  material  which  was  used ; 
also  to  Dr.  J.  P.  Martin  for  permission  to  examine  his  sections  from 
Case  ■),  and  lastly  to  the  various  members  of  the  staff  of  the  National 
Hospital  for  permission  to  use  and  publish  the  notes  of  the  cases  which 
had  been  under  their  care. 
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DESCRIPTION  OF  PLATE. 

Camera  lucida  drawings  of  sections  from  the  basal  ganglia,  showing  various  forms  of 
calcification  which  affect  the  anterior  half  of  the  globus  pallidas. 

Fig.  1.— y  600.  Diagrammatically  arranged.  (.\)  Case  4,  Scharlach  R.  and  hematoxylin  ; 
fat  globules,  showing  pigmentary  changes,  and  calcification  in  one  globule.  (B)  and  (C), 
Hit-matoxylin  and  van  Gieson ;  larger  forms  of  mulberry  aud  calcified  globules  from 
various  cases. 

Scharlach  R.  and  hsematoxylin.     Fatty  globules. 

Haematoxylin  and  van  Gieson.     Mulberry  globules. 

Hccmatoxylin  and  van  Gieson.     Calcified  globules. 

Hajmatoxylin  and  van  Gieson.     Early  calcification  in  an  artery. 

Hsematoxylin  and  van  Gieson.     Calcification  of  vessels. 
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Chapter  I. — Introduction. 

When  the  subject  of  a  spastic  residual  hemiplegia  firmly  clenches 
the  normal  fist,  the  semiflexed  and  paralysed  arm  is  seen  to  go  into 
increased  flexor  hypertonus  and  to  take  up  an  attitude  of  increased 
flexion  at  the  elbow  until  the  voluntary  grasp  is  relaxed,  when  it  resumes 
its  original  posture  and  degree  of  spasticity.  If  now  the  patient  be 
made  to  rotate  his  head  towards  the  paralysed  side  and  to  repeat  the 
experiment,  it  is  found  in  many  cases  that  the  paralysed  arm  goes  into 
tonic  extension.  In  this  simple  observation  we  have  an  example  of  the 
modifying  influence  of  one  tonic  reflex  upon  another,  of  a  reflex  arising 
in  the  proprioceptors  of  the  neck  upon  one  arising  in  those  of  the  normal 
upper  limb.  In  a  recent  paper  [11],  a  series  of  tonic  reflexes  demon- 
strable in  cases  of  hemiplegia  was  described  and  the  study  of  their 
various  modes  of  interaction  led  naturally  to  the  question  of  interaction 
between  postural  and  phasic  reflexes,  that  is,  between  reflex  postures 
and  reflex  movements.  For  example,  is  such  a  phasic  reaction  as  the 
flexion  reflex  of  the  lower  limb  capable  of  modification  in  character 
under  the  influence  of  Magnus  and  de  Kleijn's  tonic  neck  reflex  ?  Of 
particular  interest  is  it  to  inquire  whether  the  Babinski  plantar  response, 
which  is  a  component  of  the  flexion   reflex,  can  be  altered  in  form  by 
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changes  in  head  ]iosture.  On  the  general  question  of  interaction 
between  tonic  and  phasic  reflex  reactions,  the  whole  weight  of  experi- 
mental evidence  indicates  that  the  co-ordination  of  movement,  both 
voluntary  and  reflex,  demands  a  continuous  and  close  co-operation  of 
the  two,  either  as  reinforcing  or  as  antagonistic  reactions.  Clinical 
investigation,  also,  has  thrown  some  light  upon  the  matter.  For 
example,  the  experimental  and  clinical  study  of  the  knee-jerk,  which  is 
a  simple  phasic  reflex,  has  shown  that  the  presence  or  absence  of  tone  in 
the  reacting  muscle  materially  modifies  the  form  of  the  jerk  :  Viets  [8]  ; 
Gordon  Holmes  [4].  The  "  shortening  reaction  "  which  is  appended 
to  the  jerk  when  this  occurs  in  a  spastic  muscle  represents  an  element 
in  co-ordination  of  the  greatest  importance.  In  a  previous  study  of 
the  effects  of  a  loss  of  postural  tone  upon  co-ordinated  movement,  we 
saw  that  the  abolition  of  this  "  shortening  reaction  "  is  a  prime  factor 
in  the  production  of  the  gross  disorders  of  movement  we  speak  of 
as  cerebellar  ataxy  [10].  On  the  clinical  side,  however,  there 
have  been  no  observations  as  to  the  influence  of  tonic  upon  phasic 
reflexes  when  the  relationship  between  the  two  is  one  of  antagonism. 
If  we  take  the  flexion  reflex  of  the  lower  limb  as  our  example,  we 
have  to  determine  whether  its  form  and  time  relations  vary  under 
different  degrees  of  extensor  spasticity  in  the  leg.  There  are  two  ways 
in  which  we  may  investigate  this :  either  we  can  take  a  series  of  cases 
of  hemiplegia,  or  of  spastic  paraplegia  in  extension,  in  which  there  are 
different  degrees  of  extensor  spasticity,  and  compare  the  form  of  the 
flexion  reflex  in  each  ;  or  a  more  precise  way  is  to  determine  the  effect 
upon  the  latter  of  Magnus  and  de  Kleijn's  tonic  neck  reflex.  Here  we 
can  pit  two  different  grades  of  extensor  hypertonus  against  a  single, 
constant  flexion  reflex.  The  first  method  presents  no  practical  difficulty, 
but  it  is  less  easy  to  determine  the  influence  of  head  posture  upon  the 
flexion  reflex,  either  of  the  upper  or  the  lower  limb,  for  while  in 
the  latter  we  have  a  readily  obtainable  and  extensively  studied  flexion 
reflex,  it  is  only  in  relatively  rare  instances  that  we  can  demonstrate  the 
influence  of  head  posture  upon  the  lower  limb.  In  the  upper  limb, 
on  the  other  hand,  where  it  is  the  rule  to  find  some  degree  of  tonic 
reflex  action  upon  the  limb,  it  is  exceptional  to  find  the  phasic  flexion 
reflex  described  by  Riddoch  and  Buzzard  [5] .  However,  cases  presenting 
reflexes  of  both  types,  the  tonic  neck  reflexes  and  phasic  flexion  reflexes, 
in  both  upper  and  lower  limbs  have  come  under  observation  and  it  has 
been  possible  by  this  means  to  confirm  the  observations  made  by  the 
method  of  comparison  from  subject  to  subject. 
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In  an  earlier  paper  [9]  a  full  account  of  the  flexion  reflex  of  the 
lower  limb  in  man  has  been  given,  and  evidence  advanced  showing  that 
the  so-called  "extensor"  or  Babinski  type  of  plantar  response  is  an 
integral  part  of  this  reaction.  Subsequent  work  by  Head  and  Kiddoch 
[3]  has  confirmed  this  view.  It  is  possible,  therefore,  to  employ  the 
Babinski  plantar  response  as  an  index  of  variations  in  the  flexion  reflex 
under  the  influence  of  different  degrees  of  antagonistic  muscle  tone  ;  a 
fact  which  lends  a  certain  practical  significance  to  the  observations 
about  to  be  recorded. 


Chapter  II. — Methods  of  Investigation. 

Some  method  of  graphic  recording  is  essential  to  a  systematic  study 
of  the  flexion  reflex,  more  particularly  of  that  part  of  it  known  as  the 
"  extensor '' plantar  response.  While  variations  of  the  latter  in  form 
and  duration  may  be  visible  to  simple  observation,  no  analysis  of  them 
is  possible,  nor  can  variations  from  moment  to  moment  or  from  subject 
to  subject  be  accurately  compared  apart  from  some  permanent  record  of 
the  movement.  The  method  and  the  apparatus  employed  have  been 
described  in  earlier  papers  [9,  11],  and  only  a  few  remarks  are  here 
necessary. 

The  stimulus  adopted  is  that  commonly  in  use  for  eliciting  the 
plantar  response,  namely,  stroking  of  the  outer  margin  of  the  sole  with  a 
blunt  object,  in  this  case  a  metal  rod.  A  'band  of  fine  metallic  gauze, 
such  as  is  used  in  "ionization  ''  treatment,  is  fastened  round  the  foot 
and  placed  in  circuit  with  an  electric  signal.  The  stimulating  rod  is 
similarly  connected  and  its  moment  and  duration  of  contact  with  the 
sole  are  thus  recorded  on  the  kymograph  surface.  The  latent  period 
obtained  by  this  means  is  only  approximately  accurate,  for  it  is  the 
application  of  the  stimulus  which  is  recorded,  and  not  the  moment  at 
which  it  becomes  effective.  However,  the  method  is  sufficiently  accurate 
for  the  purpose  in  hand  and  gives  a  good  record  of  the  length  of  after- 
discharge  of  the  reflex  and  of  the  moment  of  onset  of  "extensor 
rebound."  In  the  case  of  the  flexion  reflex  of  the  upper  limb,  since  a 
momentary  pinprick  is  the  best  form  of  stimulus,  a  more  precise  record 
of  the  latent  period  can  be  obtained,  for  the  stimulating  needle  comes 
in  contact  with  the  metallic  gauze  covering  the  hand  at  the  same 
moment  as  it  pierces  the  skin. 
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Chapter  III. — The  Flexion  Reflex   and   "Extensor  Rebound." 

When  we  compare  the  flexion  reflex  obtained  on  stimulation  of  the 
sole  of  the  foot  in  a  case  of  paraplegia  in  flexion  with  that  obtained  from 
one  of  spastic  residual  hemiplegia  or  of  paraplegia  in  extension, 
certain  difi"erences  in  form  and  duration  are  at  once  apparent.  In  the 
former  case,  the  whole  limb  goes  into  full  flexion  with  considerable 
force,  while  the  foot  and  digits  dorsiflex.  The  active  flexion  outlasts 
the  stimulus,  which  may  be  quite  momentary,  and  finally  the  limb  may 
retain  the  attitude  of  flexion  thus  reached,  or  may  subside  passively 
into  its  initial  posture  of  partial  flexion.  In  the  second  type  of  case, 
where  the  lower  limb  is  spastic  in  extension,  the  salient  feature  of 
reflex  is  the  dorsiflexion  of  the  great  toe,  the  Babinski  type  of  plantar 
response.  To  such  an  extent  is  this  true  that  only  within  the  past 
ten  years  have  neurologists  come  to  associate  the  response  with  limb 
flexion.  Nevertheless,  even  when  there  is  no  visible  excursion  of 
limb  at  hip  and  knee,  palpation  of  the  hamstring  tendons  reveals 
contraction  of  these  muscles  as  an  invariable  accompaniment  of  the 
Babinski  plantar  response.  Generally,  however,  there  is  some  visible 
flexion  at  both  hip  and  knee,  but  whatever  its  amplitude,  the  striking 
feature  of  this  flexion  of  the  limb  is  its  transient  duration  and  the  quick 
and  active  return  of  the  limb  to  the  initial  posture  of  extension. 

If,  then,  w^e  take  the  flexion  reflex  as  a  whole  we  find  that  the 
presence  of  extensor  hypertonus  diminishes  its  amplitude  and  cuts  it 
short  by  a  forceful  and  rapid  return  to  the  position  of  rest.  In  other 
words,  the  "after-discharge"  characteristic  of  the  unopposed  flexion 
reflex  is  abolished  by  an  "  extensor  rebound."  If,  on  the  other  hand,  we 
confine  our  attention  to  the  dorsiflexion  of  the  hallux,  the  effect  of 
extensor  hypertonus  is  much  less  striking,  and  requires  for  its 
appreciation  the  use  of  a  graphic  method.  By  this  means,  we  find  that 
the  greater  the  degree  of  extensor  hypertonus  in  the  limb,  the  shorter 
the  duration  of  the  response  ;  the  shortening  occurring  on  the  return 
or  extension  phase. 

The  physiological  principles  underlying  this  influence  of  extensor 
hypertonus  upon  an  intercurrent  flexion  reflex  have  been  fully  elucidated 
by  Sherrington  in  the  experimental  animal,  and  his  observations  in 
this  connection  may  be  applied  without  qualification  to  the  clinically 
observed  phenomena.  He  says,  "  Many  reflexes  are  intercurrent 
reactions,  breaking  in  on  a  condition  of  neural  equilibrium  itself  reflex. 
Take  the  case  of  the  flexion  reflex  of  the  leg  induced  by  a  brief  stimulus 
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during  "decerebrate  rigidity,"  where  the  animal  may  be  regarded  as  a 
bulbo-spinal  machine  ...  If,  then,  the  foot  be  excited  by  a  brief 
stimulus  and  thus  a  flexion  reflex  induced  in  the  limb,  the  limb  is 
drawn  up  at  hip,  knee  and  ankle.  The  movement  is  brief ;  after  being 
drawn  up,  the  limb  returns  to  its  previous  pendent  posture.  It  is  easy 
in  many  instances  to  perceive  that  the  pose  of  extension,  as  resumed,  is 
more  marked  than  it  was  prior  to  the  intercurrent  reflex  of  flexion.  It 
is  also  equally  easy  to  perceive  that  in  the  replacement  of  the  limb  the 
extension  is  not  a  mere  passive  drop  under  gravity,  but  is  a  reversion  to 
the  previous  posture  by  an  active  movement  .  .  .  There  is  an  active 
reflex  return  to  the  pre-existing  pose  .  .  .  When  the  flexion  reflex 
disturbed  the  neural  equilibrium  it  dispossessed  the  opposed  reflex  of 
extension  from  certain  final  paths  common  to  that  and  itself.  In  other 
words,  its  own  reaction  induces  an  after-coming  reflex  antagonistic  to 
itself"  [6].  Further,  not  only  is  reflex  tonic  extension  restored,  but  it 
may  be  increased  in  intensity.  This  increase  depends  upon  the  fact 
that  "  the  intercalated  flexion  reflex  lowers  the  threshold  for  the  after- 
coming  extension  reflexes  .  .  .  during  the  flexion  reflex  the  extensor 
arcs  were  inhibited  ;  after  the  flexion  reflex  these  arcs  are  in  this  case 
evidently  in  a  phase  of  exalted  excitability  "  [6].  Sherrington  speaks 
of  this  condition  as  "  post-inhibitory  exaltation."  It  is  a  phenomenon 
to  which  we  shall  have  again  to  refer.  The  simple  cutting  short  of  the 
dorsiflexion  component  of  the  flexion  reflex  is  not  the  only  efi'ect  of  the 
presence  of  extensor  hypertonus  in  the  limb.  Not  infrequently  in 
those  cases  where  ankle  clonus  is  elicitable,  stroking  the  sole  of  the 
foot  elicits  a  dorsiflexion  of  the  foot  and  toe  followed  at  once,  or 
accompanied,  by  a  spontaneous  ankle  clonus  which  persists  for  from 
four  to  six  seconds.  The  study  of  a  series  of  graphic  records  shews  that 
this  clonus  in  some  cases  begins  during  the  active  dorsiflexion  phase  of 
the  response,  while  in  others  it  is  not  seen  until  the  return  or  extension 
phase.  There  are  two  ways  in  which  this  phenomenon  may  be 
interpreted.  Viets  [8]  has  found  that  for  the  development  of  clonus 
there  is  an  optimum  grade  of  hypertonus,  and  that  if  by  appropriate 
means  extensor  hypertonus  be  increased  to  this  level  a  clonus  will 
develop  spontaneously.  There  are  two  ways  in  which  extensor 
hypertonus  may  be  increased  when  the  flexion  reflex  is  elicited.  The 
active  dorsiflexion  of  the  foot  suddenly  increases  the  tension  in  the  calf 
muscles,  just  as  does  the  passive  dorsiflexion  employed  in  the  normal 
method  of  eliciting  clonus.  Despite  reciprocal  inhibition,  this  sudden 
increase  may  bring  the  tone  of  the  muscle  to  the  level  at  which  clonus 
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is  proauced.  This  is  probably  the  explanation  in  those  cases  in  which 
the  clonus  begins  on  the  active  dorsiflexion  phase  of  the  reflex  (fig.  5). 
The  second  explanation  is  that  the  extensor  rebound,  following  the 
the  active  dorsiflexion  and  cutting  it  short,  may  be  accompanied  by  the 
post-inhibitory  exaltation  referred  to  above,  and  that  the  hypertonus  may 


I'lG  1  -A  series  of  three  Babinski  responses  from  a  case  of  spastic  paraplegia  i"  extensiou 
(disseminated  sclerosis).  The  dorsiflexion  phase  is  preceded  by  a  ^°"^«"  f ;>;  P'f'J^^J^^^^^^^^^^ 
The  extension  or  return  phase  of  the  response  begms  rapidly  and  during  ^^s  course  a 
spontaneous  clonus  develops.  This  lasts  from  four  to  six  seconds  and  ceases  with  the  foot 
and  toe  in  the  initial  position  of  rest.  In  all  figures,  upward  movement  =  dorsiflexion,  and 
downward  movement  =  plantarflexion.    (1/1.) 


in  this  wav  be  brought  to  the  optimum  intensity  for  clonus.  The  cases 
in  which  donus  begins  on  the  return  or  extension  phase  may  possibly 
be  explamed  in  this  way  (figs.  1  and  2).  In  any  case,  whether  or  not 
the  first  explanation  holds  for  both  types,  it  is  clear  that  the  appear- 
ance of  clonus  is  the  result  of  a  high  degree  of  extensor  hypertonus  in 
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the    reacting    limb    and    is    a   m edification    of    the    plantar    response 
attributable  to  this  cause. 

In  addition,  these  figures  reveal  another  interesting  feature  of  the 
plantar  response,  which  has  been  already  referred  to  in  an  earlier  paper 
[9],  and  is  not  rarely  seen  when  there  is  a  high  grade  of  extensor 
spasticity  in  the  limb.  It  consists  in  a  preliminary  plantarflexion  of  the 
great  toe,  upon  which  the  dorsiflexion  follows  immediately.  Simul- 
taneous records  of  hallux  and  limb  movements  indicate  clearly  that  this 
plantarflexion  also  precedes  the  flexion  at  hip  and  knee.  Babinski  has 
quoted  the  occasional  occurrence  of  plantarflexion  of  the  great  toe  in 
association  with  reflex  flexion  of  the  limb  in  support  of  the  thesis  that 
the  dorsiflexor  plantar  response  is  a  reflex  distinct  and  separable  from 


Fig.  2. — A  similar  record  from  the  same  patieut  taken  on  a  rapidly  moving  surface. 
The  development  of  clonus  in  the  extension  or  return  phase  of  the  response  is  seen. 
(Reduced  to  1/3.) 


the  flexion  reflex.  As  the  records  clearly  indicate,  the  argument  is 
illusory  and  serves  but  to  show  the  necessity  of  graphic  methods  of 
investigation  in  the  case  of  rapid  reflex  movements. 

In  a  re-statement  of  his  views  on  this  point  [1],  Babinski  has  again 
referred  to  this  phenomenon,  and  it  is  necessary,  in  consequence,  to 
indicate  anew  its  relation  to  the  flexion  reflex. 

To  summarize,  we  may  say  that  taking  the  flexion  reflex  as  a  whole, 
the  presence  of  hypertonus  in  the  limb  extensors  profoundly  alters  the 
amplitude  and  duration  of  the  reflex,  so  that  the  dorsiflexor  component 
becomes  the  salient  and  sometimes  the  only  visible  feature  of  the 
reflex.  It  does  this  in  virtue  of  extensor  rebound.  The  dorsiflexor 
component  is  much  less  profoundly  modified,  partly  on  account  of  its 
inevitably  smaller  amplitude,  and  partly  because  its  after-discharge  is 
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less  prolonged  even  \vhen  the  reflex  as  a  whole  is  unopposed,  than  is 
that  of  flexion  at  hip  and  knee.  Nevertheless,  even  this  part  of  the 
reflex  is  cut  short  by  rebound.  In  addition,  the  sudden  tension  in 
the  calf  muscles  produced  by  the  active  dorsiflexion  of  the  foot  may 
set  up  a  clonus,  which  is  just  visible  during  the  active  dorsiflexion 
phase  of  the  response  and  reaches  its  full  amplitude  only  when  the 
rebound  is  established  and  the  foot  and  toe  are  in  active  plantar- 
flexion.  In  some  cases,  clonus  appears  only  on  the  return  phase,  and 
may  then  be  regarded  as  possibly  a  manifestation  of  post-inhibitory 
exaltation  of  the  extensor  hypertonus.  Finally,  the  dorsiflexion  of 
foot  and  toe  may  be  preceded  by  a  transient  plantarflexion.  Since 
the  latter  also  precedes  the  flexion  at  hip  and  knee  it  affords  no 
support  to  Babinski's  contention  that  the  plantarflexion  is  part  of  the 
flexion  reflex  and  that  the  plantar  response  or  dorsiflexion  is  a  reflex 
distinct  and  separable  from  it. 

Chapter  IV. — The  Flexion  Reflexes  of  the  Upper  and  Lower 
Limbs  and  the  Tonic  Neck  Reflex:  Modification  of  the 
Babinski  Plantar  Response  ("Reflex  Reversal"). 

In  the  preceding  chapter  we  have  studied  the  effect  upon  the  phasic 
flexion  reflex  of  the  lower  limb  of  different  degrees  of  extensor  hyper- 
tonus. This  necessitated  the  comparative  study  of  the  reflex  in  a  series 
of  cases.  By  means  of  Magnus  and  de  Kleijn's  tonic  neck  reflex  we  are 
able  to  produce  variations  in  hypertonus  in  a  single  subject,  at  will,  by 
the  simple  device  of  rotating  his  head  towards  or  away  from  the  hemi- 
plegic  side.  It  is  true  that  so  far  as  the  lower  limb  is  concerned  we 
can  do  this  in  certain  cases  only,  but,  given  a  suitable  subject,  it  is  clear 
that  we  can  examine  the  accuracy  of  the  conclusions  reached  in  the 
preceding  chapter  under  very  favourable  conditions,  for  we  are  dealing 
with  a  constant  flexion  reflex  which  we  can  study  against  a  background 
of  at  least  two  grades  of  antagonistic  hypertonus.  In  short,  the 
investigation  of  the  influence  of  the  tonic  neck  reflex  upon  the  flexion 
reflex  is  simply  an  amplification  of  the  observations  already  undertaken, 
and  the  results  obtained  are  found  to  be  strictly  in  accord  with  those 
described  in  the  last  chapter. 

Figs.  3  and  4  record  the  dorsiflexion  component  of  the  flexion  reflex 
(that  is,  the  plantar  response)  in  two  cases  of  spastic  residual  hemiplegia 
in  which  the  influence  of  the  tonic  neck  reflex  was  just  demonstrable  in 
the  leg.     In  each  case,  if  the  limb  were  supported  by  the  observer  while 


Pig.  3.— Two  consecutive  Babinski  responses  from  a  patient  with  right  hemiplegia.  With 
the  head  turned  away  from  the  paralysed  side,  the  extension  phase  of  the  response  is  seen 
to  be  prolonged  and  the  return  to  the  initial  position  incomplete.  With  the  head  turned  to- 
the  paralysed  side,  the  extension  phase  of  the  response  is  appreciably  shorter  and  the  return 
complete.    (1/1.) 


Fig.  4.— a  series  of  seven  consecutive  Babinski  responses  from  a  patient  with  left  hemi- 
plegia. With  the  head  rotated  towards  the  left,  the  responses  are  cut  short  by  extensor 
rebound  (responses  1,  2,  3,  7).  With  the  head  rotated  to  the  right  the  responses  are  strikingly 
prolonged  m  the  extension  or  return  phase  (responses  4,  5,  6),  and  in  the  sixth  response  a 
second  dorsifiexion  occurs  after  the  return  to  rest.     (Reduced  to  1/3.) 
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the  patient  voluntaril)^  rotated  his  head  through  an  angle  of  180  degrees 
from  the  normal  towards  the  paralysed  side,  it  could  be  felt  to  become 
more  spastic  in  extension.  In  fig.  3  are  recorded  two  consecutive 
responses  from  one  of  these  cases.  The  first  was  obtained  with  the 
subject's  head  rotated  towards  the  normal  side  (left).  It  shows  a 
leisurely  relaxation  or  extension  phase,  which  terminates  a  little  short 
of  return  to  the  initial  position.     The  second  was  obtained  after  rotation 


Fig.  5. — Two  consecutive  plantar  responses.  The  first  obtained  with  the  subject's  head 
turned  towards  the  hemiplegic  (right)  side,  the  second  with  the  head  turned  to  the  normal 
(left)  side.  In  both  responses  two  beats  of  the  clonus  are  visible  on  the  active  dorsiflexor 
upstroke.  In  the  first  the  return  phase  is  rapid  and  clonus  reaches  a  full  development.  The 
foot  and  toe  return  to  a  level  just  below  that  of  the  original  base  line.  In  the  second,  the 
return  phase  is  more  leisurely  and  is  not  quite  complete.  The  clonus  is  minimal  in  range 
and  duration.  The  difference  between  the  two  records  depends  iipon  the  diminished  intensity 
of  extensor  hypertonus  of  the  limb  at  the  time  the  second  was  taken,  the  diminution  being 
the  result  of  a  tonic  neck  reflex  (rotation  of  the  head  to  the  normal  side).     (1/1.) 


of  the  head  to  the  paralysed  side  (right).  Here  extensor  rebound 
induces  a  rapid  return  or  extension  phase,  which  makes  the  whole 
response  two  seconds  shorter  than  its  predecessors,  and  which  reaches 
a  little  below  the  base  line  from  which  the  response  began.  In  fig.  4 
is  a  series  of  seven  consecutive  responses  from  a  case  of  left  hemi- 
plegia. With  the  head  turned  towards  the  normal  (right)  side,  the 
return  phase  is  notably   longer  than  when  the  head  is  turned  to  the 
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affected  (left)  side,  the  difference  being  a  matter  of  several  seconds. 
In  this  series.,  the  prolonged  responses  were  less  ample  than  the  shorter 
ones,  but  this  finding  was  not  invariable  for  this  or  other  subjects.  In 
a  third  case,  the  plantar  response  was  accompanied  by  ankle  clonus, 
which  made  its  appearance  during  the  active  dorsiflexion  movement, 
but  reached  its  full  development  only  during  the  return  or  plantar- 
flexion  phase.  With  the  subject's  head  rotated  towards  the  hemiplegic 
(right)  side,  an  ample  clonus  is  seen  during  the  extension  (plantar- 
flexion)  phase,  but  with  the  head  turned  towards  the  normal  (left) 
side,  the  dorsiflexion  is  more  ample,  the  return  is  delayed  and  the 
clonus  is  minimal.     (Fig.  5.) 

In  two  patients  in  whom  well-developed  tonic  neck  reflexes  were 
present  in  both  upper  and  lower  limbs,  even  more  striking  modifications 
of  reflex  movements  were  demonstrable. 

E.  S.,  a  seaman,  aged  27,  was  admitted  to  hospital  with  a  history  of  having 
received  a  blow  on  the  right  side  of  the  head  two  years  previously.  He  had 
been  rendered  unconscious,  in  which  condition  he  had  been  trephined  in  the 
right  parieto-occipital  region.  Both  injury  and  operation  occurred  in  Antwei'p 
and  no  details  of  either  are  available.  His  present  state  (March,  1923)  is  that 
he  has  a  spastic  left  hemiplegia  of  some  severity.  The  arm  is  held  flexed  and 
adducted  and  retains  relatively  little  voluntary  power.  He  walks  with  extended 
leg  and  drags  the  foot.  There  is  complete  left  homonymous  hemianopia,  but 
no  impairment  of  acuity  for  any  form  of  sensation.  There  is,  however,  a 
marked  emotional  overaction  to  painful  stimuli  applied  to  the  left  half  of  the 
body,  and  in  the  case  of  the  arm  a  brisk  flexion  reflex  accompanies  pin  prick 
or  pinching  (vide  infya).  The  left  tendon  jerks  are  very  hrisk,  there  is  ankle 
clonus  on  tliis  side,  the  left  abdominal  reflexes  are  absent,  and  the  left  plantar 
is  of  the  Babinski  type,  with  slight  rapid  flexion  at  hip  and  knee.  The  spasticity 
of  the  left  limbs  is  marked.  Certain  reflex  reactions  in  the  afiected  limbs  may 
now  be  described  at  greater  length. 

Tonic  neck  reflexes. — With  the  patient  lying  on  his  back,  rotation  of  the 
head  to  the  normal  side  is  followed  by  a  slightly  increased  flexion  posture  of 
the  arm  (which  is  slung)  and  by  slight  active  flexion  of  the  supported  leg,  both 
of  which  are  tonically  maintained.  Eotation  of  the  head  to  the  paralysed 
(left)  side  is  followed  by  very  slight  extension  of  the  arm  due  to  diminution  of 
the  pre-existent  degree  of  flexor  hypertonus,  and  by  increased  extensor  hyper- 
tonus  in  the  leg. 

Tonic  neck  reflexes  and  associated'  reaction. — On  gi'asping  with  the  normal 
hand,  the  following  reactions  are  observed  :  Head  in  centre  -  flexion  adduction 
of  the  arm.  Head  to  left  =  extension-abduction  of  the  arm.  Head  to  right 
=  flexion  of  the  arm.  A  corresponding  but  less  forceful  and  ample  reaction 
is  observed  in  the  hemiplegic  leg. 

Phasic  flexion  reflex  of  the  upper  limb  (/^/0.~'Pricking  or   i)inching  of  the 
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skin  of  the  upper  limb  anywhere  below  the  level  of  the  insertion  of  deltoid,  or 
of  the  skin  covering  pectoralis  major  and  the  axilla,  gives  a  brisk  movement  of 
flexion-adduction  of  the  limb.  The  latency  of  this  is  004  second.  The 
response  is  the  same  in  form  from  whatever  part  of  the  receptive  field  it  is 
elicited. 

Plinsic  licxion  reflex  of  upper  Umh  and  tonic  neck  reflex. — The  response 
<le8cribed  above  is  obtained  with  the  patient  lying  on  his  back,  the  head  in  the 


Fig.  6. — A  series  of  four  reflex  movements  from  the  upper  limb  in  a  case  of  left  hemi- 
plegia. The  first  and  fourth  consist  in  a  flexion-adduction  movement,  that  is,  a  movement 
employing  the  spastic  flexors  of  the  limb,  and  show  marked  Ionic  prolongation  and  shortening 
reaction.  They  were  obtained  with  the  head  rotated  to  the  right  (normal)  side.  The  second 
and  third  reflexes  were  obtained  with  the  head  rotated  to  the  left  (hemiplegic)  side,  and 
consist  in  a  rapid  movement  of  extension-abduction  of  the  limb,  without  shortening  reaction 
or  tonic  prolongation.  The  striking  difierence  between  the  two  types  of  response  can  be  seen 
by  looking  at  the  record  upside  down.  Down  movement  =  flexion.  Upward  movement 
=  extension.     (Reduced  to  2/3.) 


median  position  and  the  arm  slung.  "With  the  head  to  the  right  (normal)  side, 
the  flexion  is  more  marked  and  the  forearm  and  hand  shoot  across  the  body 
towards  the  right  shoulder.  If  the  head  be  now  rotated  to  the  affected  (left) 
side,  the  response  is  reversed  in  form,  and  becomes  one  of  extension-abduction  of 
the  limb.  The  latency  is  unchanged,  but  the  distinct  and  constant  tonic 
prolongation  and  shortening  reaction  of  the  original  flexion  reflex  are  both 
lacking.  These  differences  in  direction  and  form  are  readily  apparent  in  figs. 
0  and  7,  which  were  taken  on  different  days,  but  still  show  the  same  essential 
features. 
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Fig.  7. — A  similar  record  obtained  from  the  same  patient  on  another  occasion. 

(Reduced  to  2/3.) 


Fig.  8. — A  series  of  plantar  responses  obtained  with  the  head  in  the  two  lateral  positions 
(Patient  R.  S.)  ;  1,  2,  5,  6,  7,  with  the  head  turned  towards  the  hemiplegic  (left)  side,  and 
3,  4,  8,  9,  10,  with  the  head  turned  away  from  the  hemiplegic  side.  The  first  two  responses 
are  completely  plantarflexion,  but  the  fifth,  sixth,  and  se%'enth  show  an  initial,  diminished 
and  very  short-lived  dorsiflexion  (Babinski)  response.  Figs.  5,  6,  and  7  were  obtained  from 
the  same  patient.     (Reduced  to  1/.3.) 
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Fig.  9,  A,  B,  C. — Three  photographs  from  the  patient  R.  S.  A  =  the  resting  position 
of  the  left  leg.  B  =  the  response  to  stimulation  of  the  sole  with  the  head  rotated  to  the 
right.  It  consists  of  slight  flexion  at  hip  and  knee  with  dorsiflexion  of  the  foot  and  toe. 
C  =  the  response  to  stimulation  of  the  sole  with  the  head  rotated  to  the  left  (hemiplegic) 
side.  This  consists  of  a  transient  initial  dorsiflexion  of  the  hallux  followed  b)'  active  plantar- 
flexion  of  the  foot  and  hallux,  which  is  the  phase  here  represented. 

The  scale  marked  on  the  background  is  in  inches,  and  indicates  the  amplitude  of  the 
various  movements. 
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This  observation  is  of  considerable  physiological  interest.  By  means  of 
the  tonic  neck  reflex  the  phenomenon  of  "  reflex  reversal  "  has  been  elicited, 
and  as  a  result  the  relationship  of  phasic  to  tonic  reflex  changes  from  one  of 
reinforcement  (in  the  flexion  reflex)  to  one  of  antagonism  (in  the  extension- 
abduction  reflex),  with  modifications  in  the  form  of  the  response  which  are 
visible  in  the  records. 

Flexion  reflex  of  the  loiver  limb  and  tonic  neck  reflex. — With  the  patient  on 
his  back  and  head  rotated  to  the  right  (normal)  side,  the  response  to  stroking 
the  sole  is  a  rapid  slight  flexion  at  hip  and  knee,  the  latter  being  lifted  about 
three  inches  from  the  surface  of  the  couch,  and  ample  dorsiflexion  of  the  foot 
and  great  toe.  The  average  duration  of  the  plantar  component  is  three  seconds. 
With  the  head  rotated  to  the  left  (hemiplegic)  side,  the  whole  flexion  reflex  is 
altered.  There  is  no  visible  flexion  at  hip  or  knee,  and  the  plantar  component 
consists  of  an  extremely  rapid  and  short-lived  dorsiflexion  of  the  great  toe, 
lasting  0'8  second,  and  followed  at  once  by  ample  plantarflexion  of  the  foot 
and  great  toe.  With  mild  degrees  of  stimulation  there  may  be  no  initial 
dorsiflexion,  uncomplicated  plantarflexion  occurring.  However,  increase  in  the 
strength  of  the  stimulus  always  brings  out  the  rapid,  small  dorsiflexion  of  the 
hallux.  This  finding  was  constant  throughout  a  large  series  of  examinations 
carried  out  over  a  period  of  several  months  (figs.  8  and  9). 

A  similar  modification  of  the  flexion  reflex  of  the  lower  limb  under 
the  influence  of  changes  in  head  posture  was  observed  in  a  patient  with 
a  left  hemiplegia,  the  subject  of  a  cerebral  tumour  in  the  region  of  the 
third  ventricle. 

F.  D.,  a  woman,  aged  24,  was  admitted  to  hospital  with  a  six  months' 
history  of  slight  headache  and  occasional  vomiting,  and  seven  days'  history  of 
blindness  of  sudden  onset.  The  patient  was  completely  blind  in  both  eyes 
from  papilloedema  and  early  secondary  atrophy.  No  localizing  signs  were 
discovered.  Following  a  right-sided  decompression  above  the  tentorium,  she 
gradually  lapsed  into  profound  stupor  and  developed  a  left  hemiplegia.  In  the 
course  of  two  weeks,  this  became  spastic  and  showed  the  characteristic 
attitude  of  the  affected  limbs  and  the  usual  reflex  phenomena.  In  these 
circumstances,  as  the  patient  lay  on  her  back  in  bed  in  a  semi-conscious  state^ 
passive  rotation  of  the  head  evoked  well-marked  tonic  neck  reflexes  in  both 
arm  and  leg.  Eotation  of  the  head  to  the  left  (hemiplegic)  side  was  followed 
by  active  and  maintained  extension  of  the  arm,  and  also  of  the  leg  if  this  were 
previously  held  in  semiflexion  by  the  observer.  However,  when  the  leg  was 
already  in  extension,  a  marked  plantarflexion  of  the  foot  followed  and  was 
maintained  as  long  as  the  head  remained  turned  to  the  left.  The  flexion  reflex 
of  the  loiver  limb  with  the  head  rotated  to  the  right  (normal)  side,  consisted  in 
slight  flexion  at  hip  and  knee,  with  slow  ample  dorsiflexion  of  the  foot  and 
hallux.  After  the  stimulus  had  ceased,  the  return  to  rest  was  incomplete,  but 
if  the  liead  were  now  rotated  to  the  left  the  foot  and  toe  at  once  returned  to- 
their  initial  posture.     With  the  head  turned  to  the  left  (hemiplegic)  side,  the 
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flexion  at  hii^  and  knee  was  much  less  ample,  while  the  dorsiflexor  component 
of  the  reflex  was  much  shoi'ter  in  duration,  slightly  reduced  in  amplitude,  and 
was  cut  short  by  a  quick  extensor  rebound.  A  series  of  these  responses  is 
seen  in  fig.  10.  The  modification  produced  by  head  rotation  to  the  hemiplegia 
side  is  slichtly  difterent  in  character  from  tliat  noted  in  the  patient  R.S.,  but 
is  not  less  striking. 

Several  points  of  interest  emerge  from  these  observations.  In 
respect  of  the  flexion  reflex  of  the  upper  limb,  we  see  that  the  direction 
of  a  reflex  movement  may  bo  reversed  by  a  concurrent  tonic  reflex. 
Rotation  of    the  subject's  head  towards  the  hemiplegic  side  tends    to 


Fig.  10. — A  series  of  six  consecutive  plantar  responses  from  a  case  of  left  hemiplegia 
(Case  F.  D.)  :  1,  2,  4,  and  5  were  obtained  with  the  head  turned  towards  the  (hemiplegic)  left 
side;  3  and  6  with  the  head  turned  towards  the  (normal)  right  side.  In  the  two  latter  the 
extension  or  return  phase  is  prolonged  and  incomplete,  but  rotation  of  the  head  to  the  left 
(see  upper  signal)  is  at  once  followed  by  an  active  extension  (plantarflexion)  of  foot  and  great 
toe  to  the  initial  position.     (Reduced  to  1/2.) 


diminish  the  hypertonus  of  the  limb  flexors,  so  that  now  stimulation  of 
the  skin  of  the  limb  produces  a  reflex  movement  of  extension.  This 
*' reflex  reversal"  is  an  example  of  a  condition  described  by  Graham 
Brown  in  the  decerebrate  animal,  as  resulting  from  the  active 
assumption  of  a  new  posture  by  the  reacting  limb,  and  comes  within  the 
scope  of  the  rule  which  he  has  formulated  that  "  a  stimulus  which  may 
throw  into  activity  either  of  twin  antagonistic  centres  (and  depress  the 
activity  of  the  other)  will  tend  to  activate  that  which  at  the  time  is 
already  in    a  state  of  relatively  raised  activity"  [2].     More  recently, 
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Socin  and  Storm  van  Leeuwen  [7]  have  also  described  similar  examples 
of  reflex  reversal  in  the  decerebrate  animal  under  the  influence  of  Magnus 
and  de  Kleijn's  tonic  reflexes. 

In  the  case  of  the  lower  limb,  in  the  subject  R.S.  (Case  1)  there  is  a 
similar  but  less  pronounced  tendency  to  reflex  reversal,  for  with  the 
head  rotated  towards  the  hemiplegic  side  the  dorsiflexion  component  of 
the  flexion  reflex  is  seen  to  be  constantly  reduced  in  amplitude  and 
duration,  sometimes  to  be  completely  abolished,  a  plantarflexion  (that 
is,  an  extension  reflex  movement)  either  cutting  dorsiflexion  short  or 
replacing  it. 

It  is  interesting  to  recall  that  in  their  cases  of  reflex  movement  of 
the  upper  limb  in  hemiplegia,  Riddoch  and  Buzzard  found  that  in 
every  subject  but  one  the  response  was  one  of  flexion.  In  the 
exception,  extension  was  observed.  Whether  head  posture  played  any 
part  in  the  latter  is  an  interesting  matter   for  conjecture. 

We  may  summarize  the  results  described  in  this  chapter  as  follows  : 
In  the  case  of  the  flexion  reflexes  of  both  upper  and  lower  limbs,  the 
active  modification  of  the  posture  of  the  reacting  limb  by  the  tonic  neck 
reflex  tends  to  reverse  the  form  of  the  reflex.  In  the  case  of  the  upper 
limb,  this  "  reflex  reversal  "  may  be  complete,  but  as  seen  in  the  lower 
limb  it  is  incomplete  and  leads  to  diminution  of  amplitude  and  duration 
of  the  reflex.  From  the  clinical  point  of  view,  we  may  express  this 
tendency  to  reversal  in  respect  of  the  Babinski  plantar  response  and 
say  that  in  certain  cases  of  hemiplegia  rotation  of  the  head  towards  the 
affected  side  of  the  body  alters  the  form  of  this  response,  and  may  even 
lead  to  its  disappearance  unless  strong  stimulation  of  the  sole  is 
employed. 

In  the  case  of  the  reversal  of  the  flexion  reflex  of  the  upper  limb, 
we  have  an  example  of  a  reflex  movement  employing  muscles  already 
engaged  in  a  tonic  reflex  (flexor  spasticity)  being  changed  to  one 
employing  the  antagonists  of  the  spastic  muscles  (the  extensors).  In 
this  way  the  relation  of  the  two  reflex  reactions — phasic  and  tonic — is 
altered  from  one  of  reinforcement  to  one  of  antagonism.  As  a  result 
the  character  of  the  reflex  movement  changes  in  the  manner  visible  in 
the  graphic  records. 

Chapter  V. — Conclusions. 

The  observations  recorded  here  raise  several  points  of  interest  in 
the  physiology  of  the  nervous  system,  and  demonstrate  the  essential 
similarity  of  the  nervous  processes  governing  the  co-ordination  of  move- 
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tuents  of  posture  in  man  and  the  lower  animals.  In  a  previous  paper  we 
have  seen  that  of  the  different  tonic  reliexes  obtainable  in  certain  cases  of 
hemiplegia,  one  may  profoundly  influence  the  form  of  another  which  is 
synchronous  with  it.  Thus,  the  associated  flexion  of  the  paralysed  arm 
evoked  by  firm  clenching  of  the  normal  hand  may  be  converted  into 
associated  extension  by  a  tonic  neck  reflex,  produced  by  rotation  of  the 
subject's  head  towards  the  hemiplegic  side.  The  present  paper  records 
observations  made  to  determine  whether  certain  of  the  reflex  movements 
obtainable  in  man  in  spastic  paralysis  are  also  capable  of  modification 
by  tonic  reactions  of  this  kind.  The  relationship  of  a  tonic  to  a  phasic 
reflex,  i.e.,  of  a  reflex  posture  to  a  reflex  movement,  may  be  that  of 
reinforcement  or  of  antagonism.  Clinically,  the  tonic  prolongation  of 
the  knee-jerk  in  spastic  paralysis  is  a  familiar  example  of  the  former, 
but  of  the  latter  no  examples  have  been  precisely  studied  in  man, 
although  in  animals  Sherrington  and  others  have  analysed  the  result  of 
such  an  antagonism.  Clinically,  the  problem  is  readily  investigated, 
for  in  the  flexion  reflex  and  the  extensor  spasticity  of  the  lower  limb  we 
have  a  phasic  and  a  tonic  refiex  respectively,  employing  antagonistic 
muscle  groups — the  flexors  and  dorsiflexors  in  the  first  case,  and  the 
extensors  and  plantarfiexors  in  the  second.  We  may,  therefore,  com- 
pare the  form  of  the  flexion  reflex  in  a  series  of  subjects  with  different 
grades  of  extensor  spasticity  in  the  limb.  We  may  also  study  the 
flexion  reflex  in  a  single  subject  with  the  head  in  each  of  the  two 
lateral  positions  (rotation  to  right  and  to  left),  that  is,  we  may  study  it 
against  a  background  of  at  least  two  grades  of  hypertonus.  Further, 
since  the  Babinski  type  of  plantar  response  is  an  integral  part  of  the 
flexion  reflex,  of  which  it  is  the  dorsiflexion  component,  we  may  use  it 
as  an  index  of  variations  in  the  form  of  the  reflex.  The  main  results 
of  these  observations  may  be  expressed  as  follows :  the  presence  of  a 
high  grade  of  extensor  hypertonus  reduces  the  amplitude  and  duration 
of  the  hip  and  knee  flexion  components  of  the  flexion  reflex  very 
considerably.  The  Babinski  plantar  response  component  is  less 
influenced,  so  that  it  may  become  the  salient  feature  of  the  reaction. 
Nevertheless,  this  is  also  modified,  particularly  by  the  shortening  of  its 
duration.  This  cutting  short  and  reduction  of  the  flexion  reflex  is  due 
to  "  extensor  rebound,"  the  nature  of  which  is  discussed.  There  may, 
however,  be  other  manifestations  than  these.  For  example,  the  active 
dorsiflexion  of  the  foot  in  the  flexion  reflex  may,  by  the  sudden  increase 
of  tension  induced  in  the  calf  muscles,  give  rise  to  ankle  clonus.  In 
some   cases  the  clonus  makes   its   appearance  during  the  active  dorsi- 
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flexion,  but  does  not  reach  its  full  development  as  long  as  the  flexion 
reflex  is  in  possession  of  the  limb  musculature.  On  the  return  of  the 
extension  phase,  however,  a  full  and  ample  clonus  develops  and  lasts 
for  some  four  to  six  seconds.  In  other  cases,  the  clonus  does  not 
appear  until  the  return  phase  is  in  progress.  It  is  possible  that  here 
another  factor  is  responsible.  Rebound  is  known  to  be  accompanied 
by  an  increased  excitability,  a  "  post-inhibitory  exaltation "  in  the 
spasticity  which  has  been  transiently  overset  by  the  flexion  reflex. 
This  exaltation  may,  at  certain  levels  of  hypertonus,  lead  to  the 
development  of  clonus  in  the  manner  described  by  Viets.  Moreover, 
the  marked  depression  of  this  clonus  resulting  from  rotation  of  the  head 
towards  the  normal  side,  as  seen  in  fig.  5,  shows  that  although  tension 
on  the  calf  muscles  may  be  the  stimulus  producing  clonus,  yet  the 
intensity  of  rebound  is  a  further  factor  of  importance.  Probably  both 
factors  are  at  work  in  every  case  of  clonus  elicited  in  these  circum- 
stances. In  those  cases  in  which  head  rotation  influences  the  degree 
of  extensor  tone  in  the  lower  limb,  the  same  laws  are  seen  to  obtain, 
and  in  addition  we  may  get  an  actual  "  reflex  reversal  "  on  stimulating 
the  sole  from  the  altered  state  of  tone  induced  by  the  tonic  neck  reflex. 
When  this  reversal  is  not  in  question,  rotation  of  the  head  towards  the 
hemiplegic  side  increases  hypertonus  and  thus  leads  to  shortening  of 
the  Babinski  component  of  the  flexion  reflex.  Rotation  of  the  head  to 
the  normal  side  lessens  it  and  thus  the  response  is  appreciably 
lengthened.  The  lengthening  occurs  on  the  return  phase  and  is  due  to 
a  diminished  intensity  of  extensor  rebound.  In  those  cases  where 
clonus  occurs  in  association  with  the  plantar  response,  rotation  of  the 
head  to  the  normal  side  may  lead  to  its  diminution  almost  to  the  point 
of  extinction.  One  example  of  reflex  reversal  of  the  Babinski  com- 
ponent of  the  flexion  reflex  is  described.  Here  the  dorsiflexion  of  foot 
and  great  toe  is  cut  short  before  it  reaches  its  full  height  and  is  at  once 
followed  by  a  slow  and  ample  plantarflexion  of  both.  To  mild  degrees 
of  stimulation,  the  Babinski  component  may  fail  altogether,  simple 
plantarflexion  being  the  sole  response. 

One  example  of  flexion  reflex  of  the  upper  limb  (Riddoch  and 
Buzzard)  came  under  observation,  and  here  the  influence  of  head 
rotation  towards  the  paralysed  side  was  completely  to  reverse  the  form 
of  the  reflex  movement,  changing  it  from  one  of  flexion-adduction  of 
the  limb  to  one  of  extension-abduction.  The  circumstances  in  which 
this  occurred  and  the  principle  underlying  the  change  are  those  defined 
by  Graham  Brown  as  governing  "  reflex  reversal  "  from  the  assumption 
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of  a  new  active  posture  by  the  reacting  limb.  Another  point  of  interest 
exemplified  by  this  reversal  is  that  in  the  retiex  movement  of  flexion 
the  spastic  flexors  were  the  prime  movers  and,  therefore,  the  two  types 
of  reflex  were  allied  in  their  activity.  The  reflex  extension  on  the 
other  hand  employed  the  non-spastic  extensors  of  the  limb  and,  there- 
fore, stood  to  the  tonic  reflex  (fleovor  spasticity)  in  the  relation  of  an 
antagonistic  reflex.  The  modification  in  the  character  of  the 
movement  resulting  from  this  alteration  of  relation  is  seen  in  the 
graphic  records. 

Finally,  a  practical  point  emerges,  namely,  that  the  Babinski  type 
of  plantar  response  may  be  diminished,  or  even  abolished,  by  rotation 
of  the  head  to  the  paralysed  side  of  the  body  in  hemiplegia.  How  often 
this  phenomenon  may  be  demonstrable,  it  remains  for  further  experience 
to  decide,  but  that  it  can  occur  at  all  suggests  that  it  may  be  worth 
while,  in  cases  where  the  plantar  response  is  equivocal  in  form,  to 
rotate  the  subject's  head  towards  the  opposite  side  when  attempting  to 
elicit  the  Babinski  response. 
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A  FEW  years  ago  the  writer,  in  a  study  principally  devoted  to  the 
phylogenetic  and  ontogenetic  development  of  the  cerebellum  [16]  ^ 
undertook  to  review  the  literature  on  the  functions  of  the  cerebellum 
and  the  localization  of  function  within  it.  Anatomical  and  physiological 
considerations  in  connection  with  my  own  studies,  and  also  with  those  of 
predecessors,  induced  me  to  put  forth  some  principles  concerning  both 
the  function  of  the  cerebellum  and  the  localization  of  the  function  in 
this  organ.  Since  then  several  authors  have  discussed  these  same 
problems,  and  it  has  also  become  possible  to  consult  works  that  were 
not  available  to  me  during  the  war.  The  following  pages  are  intended 
as  a  further  review  of  the  progress  made  in  these  questions  during  the 
last  few  years.  Two  cases  of  cerebellar  lesion  that  I  have  had  the 
opportunity  of  observing  in  the  Clinic  of  Internal  Medicine,  Lund 
University,  will  be  used  as  a  basis  for  this  discussion.  I  take  this 
occasion  to  extend  to  Professor  Karl  Petren,  as  the  head  of  this 
department,  my  thanks  for  his  courtesy  in  giving  me  the  chance  of 
examining  these  cases. 

Our  knowledge  of  the  cerebellum  culminates  in  a  few  very  important 
facts,  all  of  which  indicate  that  a  great  fundamental  and  uniform 
function  is  represented  in  this  organ.  The  cerebellar  cortex  differs 
from  the  cerebral  in  showing  no  differences  of  histological  structure. 
This  statement  means  not  only  that  all  animals  have  the  same  layers  of 
cells  in  the  cerebellar  cortex  but  also  that  the  structure  is  the  same  in 
all  parts  of  the  cortex,  even  in  the  most  intricate  cerebellum,  the 
human. 

The  second  great  principle  in  favour  of  this  thesis  is  the  fact  that  the 
cerebellum  is  built  up  in  the  same  manner  in  all  animals.  Bolk  has 
demonstrated  this  in  mammals.  In  a  study  of  cerebellar  phylogenesis 
the  writer  was  able  to  collect  evidence  to  show  that  the  cerebellum  is 
constructed  according  to  the  same  laws  in  the  whole  series  of  vertebrates 
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Fig.  1.— Diagrams  of  the  cerebellum  of  (1)  lacerta  ;  (2)  alligator  ;  (3)  bird  ;  (4)  mammal ; 
(5)  man  ;  showing  the  homologies  in  the  cerebellums  of  all  these  vertebrate  classes.  Vertical 
lines:  lobus  anterior.  Horizontal  lines  and  stipplings  :  lobus  posterior.  White  area  :  lobus 
medius. 
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(6g.  1).     The  bony  fishes  cannot  be  included  in  this  statement,  because 
their  development  in  this  as  in  other  respects  seems  to  have  gone  its 
own  way,  but  in  the  rest  of  the  vertebrate  series  there  seems  to  be  a    , 
complete  homology  between  the  different  parts  of  the  organ,  from  the  | 
lowest  to  the  highest.     Thus,  for  instance,  the  alligator  already  has  the 
same  principal  parts  of  the  cerebellum  as  man. 

The  third  great  principle  is  that  in  all  vertebrates  without  exception 
the  cerebellum  develops  in  the  same  place  of  the  neuraxis.  It  cannot 
be  a  mere  chance  that  the  cerebellum  always  appears  above  the 
vestibular  nerves.  In  lower  vertebrates,  such  as  petromyzon,  it  is  ' 
a  simple  layer  of  cortical  structure  lying  directly  on  the  medullary 
nuclei  of  the  eighth  nerve,  while  in  mammals  fibres  run  directly  from 
Scarpa's  vestibular  ganglion  to  the  basal  parts  of  its  cortex.  Thus 
the  intimate  relations  of  the  cerebellum  to  the  labyrinth  are  obvious. 

Naturally,  all  these  facts  indicate  a  uniform  function  in  all  animals, 
and  a  uniform  function  in  all  parts  of  the  cerebellar  cortex,  but  they  do 
not  exclude  a  localization  of  function.  As  will  be  developed  more  fully 
below,  there  is  a  strong  argument  for  localization  in  the  distribution  of 
the  afferent  fibres  to  the  organ,  since  the  different  afferent  tracts  are 
distributed  to  different  cortical  regions.  Such  an  arrangement  must 
undoubtedly  mean  that  in  different  regions  different  functions  are 
localized.  It  must  be  assumed  that  the  cortical  function  of  a  special 
region  is  brought  into  play  only  or  mainly  from  a  certain  region  of  the 
body,  and  that  the  function  irradiates  from  a  certain  area  in  the 
cerebellar  cortex  by  the  way  of  anatomical  pathways  only  or  mainly  to 
special  parts  of  the  body.  Thus  we  are  not  without  anatomical  indica- 
tions of  localization,  even  though  they  are  scanty  compared  with  the 
evidences  of  localization  in  the  cerebral  cortex. 

The  credit  of  the  first  important  contribution  to  our  knowledge  of 
cerebellar  localization  must  undoubtedly  be  given  to  the  Dutch  anatomist, 
Bolk.  He  was  the  first  to  study  exhaustively  the  comparative  anatomy 
of  the  mammalian  cerebellum  and  to  analyse  its  structure,  which  was  a 
necessary  preliminary  to  the  investigation  of  localization  within  it. 

Bolk  divided  the  cerebellum  into  two  parts,  the  lobus  anterior  and 
the  lobus  posterior,  separated  by  a  deep  fissure,  the  sulcus  primarius, 
which  is  a  very  conspicuous  feature  in  all  animals.  The  architecture 
of  the  lobus  anterior  is  relatively  simple  and  constant.  The  larger 
posterior  part,  owing  to  its  more  complicated  structure,  is  also  called 
lobulus  complicatus.  Its  lateral  parts,  which  form  the  lobulus 
anso-paramedianus,  show  the  greatest  variations. 
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The  present  writer  (16)  lias  found  it  necessar}'  to  criticize  this  sub- 
division of  the  organ  into  two  parts.  In  my  comparative  studies  of  the 
cerebellum  of  all  vertebrates  I  found  an  interesting  parallelism  between 
the  most  anterior  and  the  most  posterior  parts  of  the  organ.  I 
therefore  considered  it  necessary  to  divide  the  organ  into  three  parts,  a 
lobus  anterior  with  the  same  limits  as  Bolk's  anterior  lobe,  a  lobus 
posterior,  and  between  them  a  lobus  medius. 

It  is  necessary  to  emphasize  in  general  terms  the  importance  of  this 

subdivision  of  the  organ  into  at  least  three  parts.     No  homogeneous 

sensory  area  in  the  nervous  system  ever  develops  by  means  of  marginal 

appositions  ;  the  differentiation  always  takes  place  in  the  centre.     The 

inferior  olive,  for  instance,  is   in  lower  mammals  a  more   or  less  plane 

disk,    but  as  development   places  greater   demands  on   its    function  it 

expands  into  a  folded  structure  which  reaches  its  highest  development 

in    the    human    brain.      Even    here    its    oldest    parts    are    still    those 

situated  around  the  hilus,  which  would,  if  the  olive  were  spread  out  in 

one  plane,  represent  its  periphery.    That  these  parts  are  really  the  oldest 

from  a  phylogenetic  point  of  view  is  indicated  by  the  fact  that  in  certain 

degenerative   processes  of  the  cerebellum,  where  the  phylogenetically 

younger  regions  particularly  suffer,  all  parts  of  the  olive  are  affected 

except  those  around  the  hilus  (Brouwer)    [7] .     Several  other  examples 

could    be  mentioned  to  prove  this  assertion.       In  this   connection,  it 

should   not  be   forgotten  that  the  same  principle  is  found   also  in  the 

architecture  of  the  cerebral  hemisphere.     In  lower  vertebrates  (frogs  and 

alligators)  this  is  related  to  the  olfactory  nerve  and  serves  mainly  as  a 

centre  for  the  sense  of    smell,   and    if    the    human    hemisphere  were 

spread  in  one  plane  it  would  be  found  that  the  whole  area  is  bordered 

by  the  hippocampus,  gyrus  fornicatus,  &c.,  that  is,  by  the  rhinencephalon. 

All    anatomists    (Kappers,    Vogt,    Brodmann,    &c.)    agree    that    these 

cortical  areas  are  the  oldest  parts    of   the    hemisphere.      Within    this 

original  frame  the  magnificent    vaulting    of    the    hemisphere  expands 

during   the   development.     Next   to    the    rhinencephalon,  the    cortical 

areas  of  the  different  senses  are  the  oldest  parts,  and  so   far  as  their 

localization  is  known,  we  find  them  in  the  immediate  neighbourhood 

of  the   cortex  of  rhinencephalon,  the  area  striata  or  the  visual  area 

around  the  fissura  calcarina,  and  the  small  gyri  transversi  or  the  auditory 

centre  in  the  fissure  of  Sylvius  (Flechsig,  Henschen).     In  other  words 

they  also  are  situated  in  the  borders  of  the  hemisphere,  and   between 

them  centres  for  the   higher  psychical  functions  appear.     This  is  the 

general  formula  for  the  development  and  differentiation  of  the  cerebral 
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hemisphere,  as  well   as   of  every  so-called  sensory  area  of  the  nervous 
system. 

The  cerebellar  cortex,  with  its  uniform  histological  structure  in  all 
vertebrates,  develops  according  to  the  same  principles.  In  my  com- 
parative studies  I  found  many  signs  that  its  marginal  regions,  that  is 
the  regions  situated  at  the  base  of  the  organ  immediately  above  the 
fourth  ventricle,  are  the  oldest  parts  from  a  phylogenetic  point  of 
view.  They  vary  little  during  development,  and  their  phylogenetic 
differentiation  is  very  limited.  They  take  no  part  in  the  intricate 
expansion  found  in  higher  mammals,  the  culmination  of  which  is  the 
building  up  of  the  human  cerebellar  hemispheres. 

It  is  therefore  necessary  to  consider  the  central  parts  of  the  cerebellar 
cortex  separate  from  the  border  areas.  As  the  cortex  develops  in  an 
antero-posterior  direction  it  will  be  necessary  to  divide  the  organ,  from 
this  point  of  view,  into  at  least  three  parts,  following  each  other  from 
before  backwards. 

The  anterior  lobe  must  be  given  the  same  boundaries  as  described 
by  Bolk.  It  forms  the  greatest  part  of  the  anterior  vermis  rostral 
to  sulcus  primarius.  To  the  middle  lobe  belong  mainly  the  two  lobi 
ansoparamediani,  i.e.,  the  largest  parts  of  the  hemispheres.  The 
posterior  lobe  consists  of  the  most  posterior  segment  of  the  vermis 
(pyramis,  uvula  and  nodulus)  and  the  floccular  formations  (flocculus 
and  paraflocculus). 

Therefore  the  limit  between  the  middle  and  the  posterior  lobe  is 
the  sulcus  prae-pyramidalis.  I  cannot  recapitulate  here  all  the  argu- 
ments for  the  choosing  of  this  borderline  ;  I  may  only  mention  that  it  is 
indicated  by  certain  characteristic  features  on  the  exterior  of  the  organ. 
In  many  mammals  (sheep  and  horse  for  instance)  all  lamellae  behind 
sulcus  prse-pyramidalis  have  a  much  coarser  architecture  than  the 
medial  lamellae  lying  in  front  of  this  fissure,  indicating  that  the  parts 
behind  it  must  be  regarded  as  a  morphological  unit  in  relation  to  the 
parts  in  front  of  it. 

A  study  of  the  fibre  connections  of  the  cerebellum  gives  further 
support  to  the  subdivision  of  the  organ  into  three  parts.  The  spino- 
cerebellar fibres,  which  reach  the  cerebellum  by  way  of  the  tracts  of 
Flechsig  and  Gowers,  end  almost  exclusively  in  the  anterior  and  the 
posterior  lobes,  whereas  the  middle  lobe  receives  none.  The  termination 
of  these  fibres  was  at  first  studied  by  Horsley  and  Salusbury  MacNalty 
[12] , but,  as  I  have  pointed  out  in  my  first  contribution  on  the  cerebellum 
[16],  it    is   difficult  to  get  a  clear  idea  from  this  work  of  the  cortical 
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regions  where  they  terminate.  My  own  experimental  studies  on  dogs 
and  pigeons  showed  that  the  middle  lobe  is  almost  free  from  spino- 
cerebellar fibres. 

Bremer  [6]  has  recently  corroborated  this  statement.  By  exciting 
the  cerebellar  cortex  in  cats  with  weak  electric  currents,  he  found  two 
cortical  areas  from  which  inhibition  of  the  extension  of  the  extremities 
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Fig.  2. — Diagram  of  the  mammalian  cerebellum,  the  cortex  being  spread  into  one  plane- 
Vertical  lines  mark  the  endings  of  the  spino-cerebellar  tracts  ;  circles  mark  endings  of  direct 
fibres  from  the  vestibular  nerves.  The  surface  of  the  cerebellar  cortex  is  conceived  of  as 
being  spread  in  one  plane  ;  the  periphery  of  the  figure  corresponds  to  the  base  of  the  organ, 
that  is,  those  parts  situated  in  the  immediate  vicinity  of  the  fourth  ventricle  and  especially 
of  the  vestibular  nuclei. 


could  be  elicited.  Bremer  writes :  "  The  excitable  zone  has  very  dis- 
tinct boundaries.  In  the  anterior  vermis  it  does  not  exceed  the  middle 
of  the  central  lobe.  The  posterior  boundary  runs  about  one  or  two 
millimetres  from  the  primary  fissure.  Another  inhibitory  area  is  found 
at  the  level  of  pyramis.  These  areas  correspond  exactly  with  the  two 
regions  where  Ingvar  has  found  that  the  spino-cerebellar  tracts  end." 
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The  fact  that  anatomical  and  physiological  evidence  here  agree  is 
significant.  We  undoubtedly  have  in  these  two  spinally  innervated 
areas  two  fixed  starting  points  for  the  further  study  of  cerebellar 
localization. 

Comolli  and  Edinger  introduced  the  terms  palaeo-cerebellum  and 
neo-cerebellum  to  indicate  the  different  phylogenetic  age  of  different 
regions  of  the  organ.  The  oldest  region,  according  to  these  authors,  is 
the  entire  vermis  and  the  flocculi,  which  they  consequently  termed  the 
palaeo-cerebellum.  The  rest  of  the  organ,  comprising  the  hemispheres 
and  the  lateral  parts  of  the  anterior  lobe,  was  included  in  the  neo- 
cerebellum.  I  have  found  it  necessary  to  oppose  this  manner  of 
subdivision,  since  many  facts  indicate  that  the  vermis  is  not  a  morpho- 
logical entity,  and  Bremer's  physiological  findings  have  corroborated 
this  view.  He  has  suggested  that  the  anterior  and  posterior  lobes 
(mihi)  should  be  together  called  the  palaeo-cerebellum,  and  that  the 
lobus  medius  (mihi)  be  designated  the  neo-cerebellum.  I  think  this  use 
of  the  significative  and  expressive  terms  is  a  happy  one,  and  expresses 
the  phylogenetic  history  of  the  organ  more  accurately  than  the  system 
of  Edinger  and  Comolli. 

Marie,  Foix  and  Alajouanine  [24]  are  wrong  in  accusing  me  of 
having  entirely  rejected  the  conception  of  Edinger  and  Comolli  of 
the  palaeo-  and  neo-cerebellum.  I  have  only  shown  that  it  is  not 
correct  to  regard  the  vermis  as  an  anatomical  and  functional  unit, 
running  through  the  organ  in  a  sagittal  direction. 

My  subdivision  of  the  cerebellum  into  three  main  lobes  has  been 
adopted  by  Kappers,  Ransom,  Bremer,  and  Marburg.  I  emphasize 
this  point  because  of  its  great  importance  in  the  question  of  localization. 
It  is  impossible  to  have  any  idea  of  the  functions  of  an  organ  until 
we  have  some  knowledge  of  its  structure.  That  experimental  work 
on  localization  has  failed  to  afford  conclusive  evidence  is  due  to  a  large 
extent  to  the  fact  that  the  operators  did  not  know,  or  did  not  pay 
attention  to,  the  morphological  subdivision  of  the  organ.  Parts 
considered  as  units  have  been  excised  which  later  investigations  have 
shown  to  belong  to  different  entities. 

All  these  considerations  cannot  fail  to  have  a  great  influence  on  our 
conception  of  the  function  of,  and  localization  in,  the  cerebellum.  In 
fact  they  form  a  most  important  key  for  a  clear  understanding  of  these 
important  and  difficult  problems. 

In  considering  the  function  of  the  middle  lobe  it  is  advisable  to  start 
with  a  consideration  of  our   general  knowledge  of  this  region  of  the 
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cerebellum.  The  middle  lobe  is  built  up  of  the  parts  called  by  Bolk 
the  lobuli  ansiformis  and  paramedianus.  These  were  shown  by  my 
own  anatomical  studies  to  appear  first  in  mammals.  They  must  be 
accordingly  considered  as  the  specific  mammalian  component  of  the 
cerebellum.  They  appear  contemporaneously  with  the  pons  and  the 
pyramidal  tracts.  The  pontine  fibres  to  the  cerebellum  are  mainly 
connected  with  this  middle  lobe,  and  as  the  development  of  the 
pyramidal  tract  means  a  higher  differentiation  of  motility,  the  develop- 
ment of  the  middle  lobe  of  the  cerebellum  must  also  be  related  to 
regulation  of  the  highest  and  youngest  motor  functions  of  mammals. 

It  is  in  these  parts  that  a  regional  representation  of  the  different 
sections  of  the  body  has  been  demonstrated.  Bolk  concluded  from  his 
anatomical  studies  that  the  lobi  ansiformis  and  paramedianus  must  be 
functionally  related  to  the  activities  of  the  extremities.  He  inferred 
that  the  anterior  part  of  the  ansiform  lobe  icrus  primum)  is  related  to 
the  anterior  extremity,  while  its  posterior  region,  called  crus  secundum, 
has  the  same  relation  to  the  hind  limb.  His. anatomical  studies  were 
succeeded  by  a  long  series  of  experimental  observations  by  van 
Rhyneberk,  Luna,  Kossi,  Lussana,  Rothmann,  Marrassini,  Thomas, 
Durupt  and  Galante  among  others,  all  of  which  have  confirmed  his 
views  of  the  arrangement  of  the  centres  for  the  anterior  and  posterior 
limbs  in  mammals. 

It  must  be  mentioned  that  Hesser  and  Troell  [11]  have  raised 
doubts  on  this  localization.  They  were  unable  to  find  evidence  of  any 
regional  representation  either  within  the  niiddle  lobe  or  in  the  whole 
cerebellum.  After  lesions  of  the  anterior  crus  they  found  symptoms  in 
the  posterior  limb  and  vice  versa.  Rossi,  who  must  be  considered  as 
one  of  the  most  experienced  workers  on  cerebellar  physiology,  has  after 
a  critical  discussion  of  the  symptoms  following  lesions  in  the  middle 
lobe,  concluded  that  there  must  be  at  least  a  prevalence  of  representa- 
tion. In  other  words  the  fore-limb  is  related  mainly  but  not  exclusively 
to  the  anterior  crus  and  the  hind-limb  mainly  to  the  posterior  crus 
and  the  paramedian  lobe. 

Altogether,  almost  all  authors  agree  that  the  lateral  parts  of  lobus 
medius,  i.e.,  the  hemispheres,  are  in  functional  relation  with  the  ex- 
tremities. 80  far  the  question  of  localization  in  the  cerebellum  seems 
to  be  settled. 

There  is  no  such  agreement  about  the  functions  of  the  anterior 
and  posterior  lobes,  but  anatomical  knowledge  afforded  by  my  studies 
has  not  failed  to  give  valuable  hints. 
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It  seems  reasonable  to  conclude  that  these  parts,  which  have  changed 
so  little  during  phylogenetic  development,  have  a  fundamental  function. 
Furthermore,  the  fact  that  these  lobes  receive  the  spino-cerebellar 
fibres,  which  originate  from  all  segments  of  the  spinal  cord  (Bing, 
Marburg)  and  are  not  segmentally  represented  in  the  cerebellar  cortex, 
makes  it  highly  probable  that  these  regions  have  a  function  correlated 
to  all  spinal  segments,  that  is  the  body  or  organism  as  a  whole.  But 
still  more  the  fact  that  the  anterior  and  posterior  lobes  receive  fibres 
belonging  to  the  vestibular  nerves  points  in  the  same  direction. 

The  most  anterior  parts  of  the  anterior  lobe  and  the  most  caudal 
parts  of  the  posterior  lobe  are  located  in  immediate  vicinity  to  each 
other  at  the  base  of  cerebellum  and  in  proximity  to  the  vestibular 
nuclei.  That  this  is  not  accidental  is  shown  by  the  fact  that  to  these 
basal  lamellae  (the  lingula  of  the  anterior  lobe  and  the  uvula,  nodulus 
and  flocculus  of  the  posterior  lobe)  direct  fibres  go  from  the  vestibular 
ganglia.  I  was  able  to  show  this  experimentally  by  means  of  the 
Marchi  method  in  the  brain  of  a  congenitally  deaf  cat,  in  which  the 
vestibular  nerve  had  been  cut  [16]. 

Valuable  support  is  afforded  to  this  view  by  the  experimental 
observations  of  Greggio.  After  excision  of  the  vestibular  peripheral 
organs  in  new-born  pigeons,  he  found  a  defective  development  of  the 
cerebellum,  particularly  of  its  most  posterior  parts,  that  is  of  its  basal 
lamellae.  Mesdag  has  in  his  ontogenetic  studies  of  the  brain  of  the 
fowl  clearly  demonstrated  how  vestibular  fibres  run  only  to  the  most 
posterior  parts  of  the  cerebellum. 

These  direct  vestibular  fibres  suggest  very  strongly  intimate  vesti- 
bular relations  of  the  basal  regions  of  the  cerebellum.  A  study  of  the 
functions  of  the  peripheral  vestibular  organ  and  of  the  vestibular  nerve 
may  give  us  further  insight  into  the  possible  function  of  these  parts. 

Of  all  the  cerebellopetal  fibres  there  are  undoubtedly  none  of  which 
the  function  is  so  well  known  as  the  vestibulo-cerebellar.  The  most 
prominent  feature  in  the  anatomy  of  the  peripheral  vestibular  organs 
is  the  arrangement  of  the  semicircular  canals  in  the  three  planes  of 
space.  We  also  know  that  the  clinical  symptomatology  of  vestibular 
lesions  is,  as  it  were,  connected  with  the  different  planes  of  space. 
Thus  we  find  a  lesion  of  the  horizontal  canal  results  in  nystagmus 
which  is  mainly  horizontal,  past-pointing  of  the  extremities  in  the  hori- 
zontal plane,  and  lateropulsion  of  the  body  (Barany).  Any  disturb- 
ance of  a  vertical  canal  produces  vertical  nystagmus,  past-pointing  in 
the    vertical  plane   (upwards  or   downwards),  and   a    tendency   to   fall 
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backwards  or  forwards,  that  is  in  the  same  vertical  plane  as  the  irritated 
canal.  There  must  be  therefore  a  (jroupinii  of  vestibular  impulses  in  the 
central  nervous  system  in  relation  to  these  planes.  Otherwise  it  would 
be  impossible  to  explain  the  fact  that  the  irritation  of  a  vertical  canal, 
for  instance,  produces  vertical  nystagmus,  vertical  past-pointing,  and 
falling  in  the  same  plane.  The  vestibular  impressions,  acting  on  the 
mesencephalic  motor  apparatus  for  the  eyes,  as  well  as  on  the  spinal 
motor  apparatus  for  the  extremities  and  the  trunk,  are  grouped  in 
relation  to  the  planes  of  space,  and  this  must  necessarily  also  hold  for 
the  vestibular  influence  on  the  cerebellum.  The  vestibular  innervation 
of  the  cerebellar  cortex  must  therefore  be  arranged  on  the  principle  of 
the  different  planes  of  space.  A  similar  view  has  been  previously 
adopted  by  several  authors  (Ferrier,  Hughlings  Jackson).  There  are 
also,  in  fact,  a  few  clinical  observations  which  indicate  that  this  is  the 
case.  Leri  [23]  concludes  that  each  semicircular  canal  must  be  con- 
nected with  a  special  region  of  the  cerebellar  cortex  (compare  p.  320). 

This  point  of  view  also  suggests  that  the  functions  of  the  cerebellum 
must  in  some  way  be  related  to  the  different  planes  of  space.  Many 
authors  have  studied  symptoms  of  cerebellar  disease  from  this  aspect  ; 
Barany  has  shown  that  certain  deficiency  symptoms  due  to  cerebellar 
lesions,  as  past-pointing,  are  limited  to  certain  planes,  and  the  experi- 
mental observations  of  Thomas  and  Durupt  show  that  the  same  prin- 
ciple holds  in  animals.  It  is  an  old  observation  that  the  falling  in 
cerebellar  lesions  is  mostly  in  one  special  direction,  backwards,  forwards, 
or  to  one  side.  The  direction  varies  in  different  cases,  but  it  is  often 
constant  in  the  same  case  during  the  whole  period  of  the  illness.  From 
these  facts  it  seems  highly  probable  that  the  innervation  of  the  cere- 
bellum is  related  to  the  action  of  different  synergic  groups  of  muscles 
acting  in  one  special  direction,  or  in  one  plane  of  space. 

It  seems  logical  to  expect  such  symptoms  to  result  from  disease  of 
those  parts  of  the  cerebellar  cortex  that  are  innervated  directly  from  the 
vestibular  nerve.  A  lesion  of  these  regions  can  to  a  certain  extent  be 
considered  as  a  lesion  of  the  vestibular  nerve  itself.  In  fact,  after 
lesions  of  these  parts  very  characteristic  symptoms  appear  in  the  acute 
stage,  the  so-called  forced  movements  which  in  many  respects  remind 
one  of  pure  vestibular  symptoms. 

We  know  from  physiological  experiments  that  after  lesions  of  the 
lateral  parts  of  the  cerebellum  there  appear  certain  motor  phenomena 
known  as  "  forced  movements  "  ;  the  animal  falls  towards  the  side  of 
lesion,  that  is  rotates  around  its  own  axis.     This  phenomenon  increases 
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as  the  lateral  peduncles  are  the  more  involved  in  the  lesion.  There  is 
no  agreement  on  the  direction  of  falling,  except  that  in  the  majority  of 
the  cases  it  is  towards  the  side  of  the  lesion,  but  it  also  occurs  towards 
the  opposite  side.  A  tendency  to  fall  forwards  or  backwards  following 
lateral  lesions  is  very  seldom  observed. 

Forced  movements  in  the  sagittal  plane,  around  a  frontal  axis  of  the 
body,  are,  on  the  other  hand,  a  prominent  feature  after  lesions  of  the 
medial  part,  i.e.,  the  so-called  vermis  of  the  cerebellum. 

In  animals  total  experimental  destruction  of  these  medial  regions 
offers  great  difficulties.  The  most  anterior  part  of  the  vermis  is  situated 
in  the  cavity  beneath  the  cerebellum,  immediately  above  the  fourth 
ventricle,  and  any  attempt  to  remove  the  whole  anterior  lobe  therefore 
involves  the  risk  of  injuring  the  medulla  oblongata  also.  In  fact  a  study 
of  the  majority  of  the  records  of  operations  on  the  lobus  anterior  shows 
that  only  its  upper  or  more  or  less  superficial  parts  had  been  damaged. 
The  lobus  posterior  is  more  easily  removed,  but  its  most  caudal  part, 
the  nodulus,  is  located  very  deeply,  and  it  is  only  when  special  attention 
is  paid  to  it  that  it  can  be  extirpated  with  the  rest  of  the  lobus  posterior. 
From  our  knowledge  of  the  connections  of  the  basal  lamellae  it  is 
evident  that  these  parts  must  have  very  important  functions.  But 
as  a  rule  these  lamellae  are  spared  in  experiments,  owing  to  technical 
difficulties,  and  this  may  be  the  reason  for  many  obscure  and  contra- 
dictory statements  concerning  forced  movements  in  the  experimental 
literature.  For  this  reason  also  the  work  of  Hesser  and  Troell  [11] 
is  hardly  apt  to  give  any  elucidation  of  the  question  of  the  origin  and 
the  direction  of  forced  movements  in  the  sagittal  plane,  because  these 
parts  were  not  removed  in  any  animal  recorded  by  these  authors. 

In  my  studies  on  the  basal  parts  of  the  cerebellum,  I  found  that 
when  the  posterior  lobe  had  been  totally  removed  the  animals  showed 
a  remarkable  tendency  to  fall  backwards,  whereas  in  animals  in  which 
the  anterior  lobe  had  been  removed  quite  other  symptoms  were  observed. 
I  therefore  concluded  that  the  synergies  necessary  for  maintaining 
the  body  balance  backwards  were  regulated  in  this  part  of  the  cere- 
bellum. 

A  tendency  to  fall  backwards  has  been  observed  by  several  operators 
on  the  cerebellum  (Ferrier,  Marrassini,  Thomas  and  Eothmann),  but 
there  is  no  agreement  as  to  the  injury  of  which  parts  this  phenomenon 
was  due  ;  some  observers  observed  this  symptom  after  lesions  of  lobus 
anterior.  Kussell  [32]  found  that  his  animals  fell  backwards  after 
ablation   of  pyramis,   declivum  and  part  of  the  monticulus.     Kotation 
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movements  were  not  observed  in  such  animals,  except  in  one  instance 
when  they  occurred  a  few  hours  after  operation  and  then  were  shght. 
When  the  greater  part  of  the  vermis,  including  the  whole  of  the 
posterior  half  and  some  of  the  anterior,  was  extirpated,  the  tendency 
to  fall  backwards  was  slighter  than  when  the  posterior  portion  of  this 
lobe  alone  was  removed. 

My  own  studies  [10]  confirmed  Bussell's  results  entirely.  Kecently 
Simonelli  [33]  has  investigated  this  same  question.  In  order  to  test  my 
results  he  has  removed  in  dogs,  cats  and  rabbits,  the  posterior  lobe,  as 
I  have  described  it.  He  summarized  his  results  in  the  following 
manner  :  "  After  ablation  of  the  posterior  lobe  there  are  to  be  seen 
dynamic  phenonjena  of  a  mainly  accessory  type.  They  are  characterized 
by  dorsal  extension  of  the  head,  extension  of  the  anterior  extremities, 
opisthotonos,  falling  backwards  and  crises  of  motor  agitation."  Only 
when  the  uvula  and  nodulus  were  removed  did  falling  backwards  appear. 
Lesions  of  the  pyramis  gave  no  such  symptoms.  From  this  it  will  be 
seen  that  the  symptoms  observed  by  Simonelli  are  the  same  as  those 
described  in  my  work,  and  so  far  I  consider  that  this  author  has  corro- 
borated my  observations.  Simonelli,  however,  regards  the  backward 
falling  of  the  animals  as  a  so-called  dynamic  phenomenon,  not  as  a 
deficiency  symptom  (compare  p.  313).  However,  it  must  be  considered 
as  absolutely  proven  that  after  ablation  of  the  most  posterior  parts  of 
the  cerebellum  (the  nodulus  and  the  uvula)  there  appear  in  different 
animals  immediately  after  the  lesion  motor  phenonjena  characterized 
by  a  falling  backwards.  From  no  other  part  of  the  cerebellum  can  this 
phenomenon  be  elicited  in  the  same  manner. 

From  my  own  experiments  and  also  from  those  of  Simonelli  it 
is  clear  that  the  falling  backwards  is  most  prominent  when  the  uvula 
and  nodulus  are  entirely  destroyed.  The  fact  that  the  falling  backwards 
is  elicited  especially  from  those  parts  innervated  by  the  vestibular  nerve 
makes  it  very  probable  that  the  vestibular  innervation  plays  some  role 
in  this  phenomenon.  This  assumption  is  all  the  more  probable  since 
this  falling  backwards  is  very  similar  to  that  which  appears  after  lesions 
of  the  vertical  semicircular  canal. 

Simonelli  has  criticized  my  theory  of  cerebellar  localization.  In 
spite  of  the  fact  that  he  has  found  the  same  phenomena  in  his 
operated  animals,  he  concludes  that  the  posterior  lobe  has  nothing  to  do 
with  the  falling  backwards  of  the  body.  This  paradox  depends  on 
SimoneUi's  interpretation  of  the  falling  backwards  as  a  so-called 
dynamic  symptom.       Luciani    was  the   first    who  termed    these   acute 
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motor  phenomena  which  follow  cerebellar  lesions,  i.e.,  the  forced 
movements,  dynamic.  He  concluded  that  they  cannot  be  considered  as 
genuine  symptoms  of  cerebellar  deficiency,  but  should  be  regarded  as 
secondary  in  some  way  to  vertiginous  paroxysms  due  to  irritation  or 
paralysis  of  the  cerebellar  peduncles. 

Simonelli  expressly  states  that  the  falling  backwards  observed  in  his 
animals  was  certainly  due  dn-ectly  to  the  cerebellar  lesion.  The 
fact  that  this  phenomenon  only  persisted  during  the  first  days  after  the 
operation  induces  him  to  call  it  "  accessory."  And  as  a  true  adherent 
of  Luciani  he  considers  that  it  is  without  importance  in  our  interpreta- 
tion of  the  function  of  the  posterior  lobe. 

It  is  clear  without  further  discussion  how  arbitrary  such  an  interpre- 
tation is.  How  is  it  possible  to  denounce  the  value  of  a  symptom  that 
is  of  cerebellar  origin?  It  seems  to  me  that  Simonelli  here  has  sacrificed 
too  much  to  his  loyalty  to  his  great  countryman.  The  fact  that  the 
dynamic  phenomena  appear  only  in  the  acute  stage  of  the  lesion  does 
not  entitle  us  to  put  them  aside  as  valueless  in  the  study  of  the  cere- 
bellar physiology.  As  it  has  been  proven  that  destructions  of  the 
posterior  lobe  elicit  most  typically  symptoms  of  falling  backwards,  we 
must  ascribe  to  the  posterior  lobe  the  faculty  of  eliciting  in  some  way  the 
necessary  muscular  synergies  that  are  necessary  to  bring  about  the  falling 
backwards,  even  if  this  symptom  persists  only  during  the  acute  stage, 
and  even  if  we  do  not  know  the  reason  why  it  disappears.  We  cannot 
afiford  to  put  them  aside  as  valueless,  as  accessory.  The  difference  of 
opinion  between  Simonelli  and  myself  is  thus  merely  a  matter  of 
interpretation. 

As  the  dynamic  phenomena  seem  to  be  more  severe  after 
injuries  to  those  parts  that  are  directly  influenced  by  the  vestibular 
nerve,  these  regions  would  seem  promising  ones  for  future 
study.  The  uniformity  of  the  cerebellar  cortex  makes  it  highly 
probable  that  the  organization  of  the  function  in  all  parts  of  the 
cerebellar  cortex  is  identical.  Thus  if  we  are  able  to  reveal  the 
organization  of  the  function  of  the  basal  parts  we  will  have  a  key  to  an 
understanding  of  the  whole  cerebellum. 

The  experiments  of  Magnus  and  de  Kleijn  [22]  on  the  relation  of 
the  vestibular  organs  to  the  attitude  of  the  body  and  its  different  parts 
have  shown  that  all  these  reactions  (Stellungsreflexe,  vestibular  reflexes) 
persist  after  the  removal  of  the  cerebellum.  Their  conclusion  is  that 
the  cerebellum  can  no  longer  be  considered  as  the  main  organ  of  the 
vestibular  nerve,  as  it  has  been  in  both  anatomical  and  physiological 
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logical  literature  (Sherrington).  Their  observations  do  not  refute  what 
has  been  said  above ;  they  merely  show  that  the  reflex  mechanism 
of  body-attitude  which  is  related  to  the  vestibulair  apparatus  is  laid 
down  in  the  medulla,  mid-brain  and  spinal  cord,  as  it  were  underneath 
the  cerebellum.  These  authors  leave  the  question  open  whether  in  an 
intact  central  nervous  system  vestibular  impulses  reach  the  cerebellum 
and  take  part  in  its  function.  The  fact  that  Scarpa's  ganglion  sends 
fibres  directly  to  the  cerebellar  cortex  is  too  strong  an  argument  in  favour 
of  the  vestibular  influence  on  the  cerebellum  to  be  neglected.  Though 
great  caution  must  be  exercised  in  translating  anatomical  facts  into 
physiological  theories,  if  structure  means  anything  we  must  insist  upon 
the  functional  relationship  between  the  vestibular  nerves  and  the 
cerebellum.  The  work  of  Magnus  and  de  Kleijn  shows  that  the 
importance  of  vestibular  influence  on  cerebellar  function  must  not  be 
overestimated,  as  there  has  been  a  tendency  to  do  in  both  the  anatomical 
and  the  physiological  literature. 

The  cerebellum  may  be  considered  as  a  conglomerate  of  nervous 
tissue  where  impulses  from  different  sources  are  correlated.  The  two 
most  important  sources  of  these  impulses  are  undoubtedly  the  vestibular 
organs  and  the  spino-cerebellar  paths,  but  other  cranial  sensory  nerves 
also  contribute. 

During  phylogenesis  there  has  been  a  tendency  to  regression  of  the 
vestibular  organs  and  to  further  development  of  the  spino-cerebellar 
pathways.  Many  signs  indicate  that  the  vestibular  organs  constitute  a 
sense  organ  fitted  for  orientation  in  a  fluid  or  gaseous  medium  (water 
and  air)  ;  a  dog  from  whom  they  have  been  removed  will  drown  if 
thrown  into  water,  but  if  the  cerebellum  only  is  removed  he  can  swim. 
Human  beings  without  a  functioning  vestibular  apparatus  never  learn  to 
swim.  Fishes  and  birds  have  comparatively  much  greater  peripheral 
vestibular  organs  than  mammals,  and  especially  than  the  higher  animals. 
On  the  other  hand  the  spino-cerebellar  tracts  increase  in  size  during 
phylogenesis ;  fishes  have  spino-cerebellar  fibres  from  the  cervical 
segments  only  (Kappers),  whereas  in  mammals  they  come  also  from 
the  lowest  segments  of  the  cord  (Bing,  Marburg). 

There  are,  therefore,  grounds  for  the  theory  that  during  phylogenesis 
the  influence  of  the  labyrinth  on  the  cerebellum  diminishes,  while  that 
of  the  spino-cerebellar  tract  increases.  Consequently,  if  impulses 
reaching  the  cerebellum  from  the  exterior  by  the  only  two  possible 
ways,  vestibule-  and  spino-cerebellar  tracts,  are  elaborated  here,  the 
spino-cerebellar  influences  ought  to  play  a  more  important  part  than 
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the  vestibular  in  higher  animals.    This  is  in  accordance  with  the  findings 
and  conclusions  of  Magnus  and  de  Kleijn. 

The  theory  of  vestibular  function  now  most  generally  accepted  is 
that  formulated  by  Mach,  Breuer  and  Crum  Brown,  according  to  which 
the  static  and  kinetic  properties  of  the  endolymph  and  the  otoliths 
are  the  active  stimuli  of  the  peripheral  vestibular  apparatus.  Since, 
according  to  this  interpretation,  the  vestibular  nerve  conducts  impulses 
initiated  by  static  and  kinetic  changes  in  the  vestibular  organ,  it 
is  impulses  of  this  nature  that  reach  the  basal  regions  of  the  cerebellum 
to  which  the  vestibular  fibres  run  directly. 

This  is  in  complete  accordance  with  the  old  conception,  first  formu- 
lated by  Magendie,  of  the  cerebellum  as  an  organ  for  the  regulation  of 
the  equilibrium  of  the  body.  This  function  naturally  cannot  be  limited 
to  the  static  equilibrium  of  the  body  ;  it  must  also  during  motion 
regulate  the  different  muscular  activities  concerned  in  dynamic  equili- 
brium. I  have,  in  my  anatomical  studies,  declared  myself  an  adherent 
of  the  view  that  the  cerebellum  is  a  reflex  organ  which  preserves  the 
static  and  dynamic  equilibrium  of  the  organism.  This  conception  receives 
the  strongest  theoretical  and  logical  support  from  the  great  uniform 
principles  in  the  constitution  of  the  cerebellum  mentioned  in  the  intro- 
duction to  this  article.  It  is  in  accordance  with  the  anatomical  and 
phylogenetical  relations  of  the  cerebellum  and  the  vestibular  nerves,  and 
with  our  knowledge  of  the  functions  of  the  labyrinth.  It  explains 
better  than  any  other  hypothesis  the  great  anatomical  and  histological 
uniformity  of  the  cerebellum  in  the  whole  vertebrate  series.  It  is  also 
in  accordance  with  the  clinical  symptoms  of  cerebellar  disease. 

As  an  organ  regulating  the  static  and  dynamic  equilibrium  of  the 
body  masses  it  must,  as  I  have  pointed  out  [16],  regulate  muscle  tone 
in  the  different  regions  of  the  body  in  all  muscular  activities.  In  1918 
I  tried  to  interpret  all  the  various  clinical  cerebellar  symptoms  as  a 
disturbance  of  muscular  tone,  and  to  give  a  consistent  explanation  of 
cerebellar  syndromes.  So  far  as  I  know  I  was  the  first  in  this  endeavour. 
Later  Ramsay  Hunt  [15]  and  especially  Walshe  [38]  and  Holmes  [14], 
have  given  explanations  of  the  cerebellar  symptoms,  that  in  important 
parts  are  identical  to  mine  and  in  other  respects  come  very  close  to  it. 
On  the  whole,  it  can  be  said  that  there  has  in  later  years  been  a  general 
tendency  in  the  literature  to  abandon  the  conception  of  Luciani, 
who  divided  cerebellar  symptoms  into  atonic,  astenic  and  astatic  com- 
ponents. Even  the  Italian  school  has  tried  to  consider  the  cerebellar 
syndromes  from  a  more  uniform  point  of  view.     So  Rossi  and  Simonelli 
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[30]  explain  the  astatic  and  most  of  the  so-called  astenic  symptoms  as 
a  consequence  of  the  atonia.  There  has  since  1918  been  a  growing 
tendency  to  attempt  a  uniform  explanation  of  all  cerebellar  symptoms 
and  attribute  them  to  a  disturbance  of  one  specific  function.  By  many 
authors  the  cerebellum  has  been  looked  upon  as  the  reflex  organ  for  the 
co-ordination  of  the  muscular  activities.  Gordon  Holmes  writes  :  "  A 
fuller  recognition  of  the  part  that  the  postural  tone  plays  in  both  active 
and  passive  attitudes  and  in  the  movement  has  cut  down  enormously 
the  symptoms  in  the  explanation  of  which  it  is  necessary  to  invoke 
incoordination." 

Bolk  concluded  from  his  anatomical  studies  that  the  anterior  lobe 
was  related  to  the  muscular  functions  of  the  head  (the  face,  tongue, 
larynx,  <kc.},  whereas  the  posterior  lobe  (mihi)  was  related  to  those  of  the 
trunk,  and  especially  of  the  tail  and  perineum.  My  studies  on  the 
fibre  connections  make  one  doubtful  about  this  system  of  localization. 
The  fibre  connections  of  the  anterior  and  posterior  lobes  indicate 
strongly  that  the  functions  of  these  parts  must  be  related  to  the  body 
as  a  whole  and  not  to  any  special  segment  of  it. 

I  concluded  further  that  the  anterior  lobe  was  related  mainly  to 
regulating  the  motor  functions  necessary  to  maintain  the  equilibrium  of 
the  body  and  preventing  the  body  from  falling  forwards,  whereas 
the  posterior  lobe  played  a  role  in  maintaining  the  equilibrium 
backwards. 

It  is  interesting  to  find  that  Gordon  Holmes  in  his  recent  extensive 
studies  on  the  clinical  symptomatology  of  cerebellar  lesions  vv'rites  : 
"  Certain  facts  indicate  that  there  may  be  a  further  localization  of 
function  within  the  human  vermis ;  I  have  for  example  observed  a 
tendency  to  stagger  backwards  in  tumours  and  other  lesions  of  its 
posterior  portion,  and  a  falling  forwards  in  one  case  at  least  of  tumour 
in  its  anterior  part."' 

According  to  this  there  is  no  regional  representation  of  the  body 
segments  within  the  cerebellar  cortex  of  the  anterior  and  posterior 
lobes.  That  which  is  localized  here  is  the  complex  of  different 
synergies  acting  in  equilibrium,  according  to  the  principle  of  the  direc- 
tion in  the  different  spacial  planes.  In  these  parts  the  regulation  of 
the  synergies  necessary  for  the  static  and  dynamic  equilibrium  of  the 
body  as  a  whole  is  laid  down. 

The  same  principles  can  be  applied  to  the  middle  lobe.  Here  it 
seems  to  be  definitely  proved  that  the  anterior  region  (crus  anterius)  is 
related   to  the  activities  of  the  fore-limb,  whereas   the  posterior  part 
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(crus  secundum)  is  related  to  the  posterior  limb.  But  also  here  the 
conception  of  the  cerebellum  as  a  regulating  organ  of  muscular  tone, 
in  order  to  preserve  and  maintain  the  static  and  dynamic  equilibrium 
of  the  body  masses,  is  a  strong  objection  against  any  definite  regional 
representation  of  different  body  segments  in  its  cortex.  Only  a 
prevalence  of  representation  in  the  sense  of  Eossi  would  be  in  accord- 
ance with  the  above  principles 

In  later  times  several  observations  have  been  made  that  have  been 
interpreted  as  unfavourable  to  all  theories  of  localisation.  So  Kossi  [29] 
has  stimulated  the  cerebellar  cortex  with  electrical  currents  and  thereby 
found  that  the  excitability  of  the  contralateral  cerebral  motor  cortex  is 
increased.  If  one  point  of  the  latter  is  selected,  for  instance  that 
which  gives  flexion  of  the  arm,  its  excitability  can  be  equally  modified 
from  several  points  of  the  cerebellar  cortex.  Beck  and  Bikeles  [4,  5] 
have  studied  the  electrical  variations  of  the  cerebellar  cortex  after 
stimulation  of  the  cerebral  motor  cortex.  They  were  not  able  to  detect 
any  local  correspondence  between  the  latter  and  the  cerebellum.  Miller 
and  Banting  [26]  have  shown  that  electrical  stimulation  of  a  certain 
point  of  the  anterior  lobe  inhibits  decerebrate  rigidity  in  both  homo- 
lateral limbs  and  excites  bilateral  movements. 

These  observations,  however,  cannot  be  used  as  objections  to  the 
system  of  localization  which  has  been  developed  in  the  above  pages. 
The  conception  of  the  cerebellum  as  an  organ  for  the  reflex  adjustment 
of  static  and  dynamic  equilibrium  involves  necessarily  the  idea  of  a 
widespread  representation  in  the  cerebellar  cortex  of  almost  all  motor 
activities.  All  movements,  even  of  the  most  peripheral  parts  of  the 
extremities,  imply  activities  of  fixation  of  the  trunk  musculature  and 
the  joints  proximal  to  that  which  is  interested  in  the  action.  Noica  [27] 
has  demonstrated  how  cerebellar  disturbances  diminish  or  disappear  in 
the  extremities  if  the  proximal  joints  are  fixed  passively  during  the 
movements. 

It  is  therefore  not  surprising  to  find  that  cerebellar  lesions  generally 
produce  widespread  symptoms.  But  especially  we  have  to  expect 
the  most  severe  symptoms  in  lesions  of  the  anterior  and  posterior  lobes. 
My  own  experiments  showed  that  lesions  of  these  parts  really  result  in 
severe  disturbances.  Simonelli  [34]  states  the  removal  of  the  posterior 
lobe  produces  a  very  grave  disturbance  of  all  the  motor  functions  of 
the  animal.  The  experiments  of  Weed,  and  of  Banting  and  Milner  [20], 
according  to  which  electrical  stimulation  of  the  anterior  lobe  elicits 
manifestations  in  the  whole  body,  inhibition  of  the  decerebrate  rigidity 
&c.,  are  also  in  accordance  with  this. 
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The  above  pages  have  been  mainly  concerned  with  the  knowledge 
of  the  anatomy  and  physiology  of  the  cerebellum  acquired  from  studies 
on  animals. 

Hitherto  the  endeavour  to  apply  knowledge  acquired  by  experimental 
studies  in  animals  to  clinical  phenomena  have  not  been  quite 
successful.  It  must  be  here  emphasized  that  the  human  cerebellum  is 
built  according  to  the  same  principles  as  the  mammalian  cerebellum. 

In  the  highest  mammals  (the  anthroi)oids)  and  in  man  the  lobuli 
ansiformes  and  paramediani  develop  into  the  huge  hemispheres  that  are 
so  characteristic  of  the  cerebellum  in  these  species.  There  is,  according 
to  my  anatomical  studies,  no  reason  to  suppose  there  exists  in  the 
human  cerebellum  any  specific  new  parts,  such  as  would  make  it 
ditferent  from  others ;  the  part  that  seems  to  have  especially  developed 
in  it  is  the  biventral  lobe.  This  may  be  related  to  the  specific  demands 
that  the  erect  gait  places  upon  the  motor  functions  of  the  lower 
extremities.  Accordingly,  we  should  expect  to  find  here  the  specific 
leg  centre ;  this  assumption  agrees  entirely  with  the  observations  made 
in  the  first  case  described  below. 

Another  conspicuous  difference  between  the  cerebellum  of  man  and 
that  of  other  mammals  is  that  the  paraflocculus — the  large  formation 
found  laterally  in  all  mammals — has  undergone  regression  in  man  and 
exists  only  as  the  tiny  accessory  flocculus  (Henle).  This  may  be  related 
to  the  fact  that,  owing  to  the  erect  gait,  the  trigeminal  region  has  not 
the  same  importance  in  motility  in  man  as  it  has  in  quadrupeds,  where 
it  is  a  very  important  organ  for  grasping,  defence,  &c.  But,  for  the  rest, 
there  is  a  complete  homology  between  the  lobi  ansiformis  and  para- 
medianus  in  ujammals  and  those  parts  in  the  human  cerebellum 
extending  from  and  including  the  lobulus  semilunaris  superior,  to  and 
including  the  tonsils. 

Accordingly  anatomical  facts  indicate  that  the  function  of,  and 
localization  in,  the  human  cerebellum  must  be  organized  in  the  same 
way  as  in  the  mammalian  cerebellum.  If  the  knowledge  of  the  cere- 
bellum acquired  from  experimental  physiology  is  applied  to  the  clinical 
symptomatology  of  cerebellar  diseases  we  immediately  will  find  inter- 
esting   agreements. 

We  have  above  pointed  out  that  the  fact  that  direct  vestibular  fibres 
and  all  the  spino-cerebellar  fibres  run  only  to  the  anterior  and  posterior 
lobes,  indicates  that  these  parts  are  functionally  related  to  the  whole 
body.  This  is  in  accordance  with  clinical  observations.  The  anterior 
and  posterior  lobes  form  the  palseocerebellum,  and  of  this  the  vermis 
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constitutes  a  large  part.  There  seems  to  be  a  general  agreement  that 
lesions  of  these  parts  produce  symptoms  afiecting  the  whole  body, 
mainly  disturbances  of  the  eqaihbrinm.  a  staggering  gait  and  falling. 
This  is  not  in  contradiction  with  the  assimiption  of  a  special  centre  in 
the  cerebellar  cortex  for  the  leg.  as  will  be  shown  later.  If  it  is  the 
function  of  the  basal  parts  of  the  cerebellum  to  regulate  the  eqailibrimn 
of  the  body,  they  must,  of  course,  especially  in  man  and  the  anthropoids. 
influence  the  motor  activities  of  the  lower  extremities.  Hence  the 
principal  effect  of  disease  of  the  palaeocerebellom  in  man  is  disturbances 
in  the  legs  (staggering  gait,  ice). 

A  tendency  to  falling  in  vermis  lesions  is  often  mentioned  in  the 
clinical  literature :  Xothnagel  refers  to  it  and  states  that  it  nsaally 
occurs  in  a  forward  or  backward  direction.  Adler  [1],  Brans  [8], 
Stewart  and  Holmes  [35] ,  have  reported  several  cases.  According  to 
some  authors,  a  lesion  in  the  posterior  part  of  the  cerebellom  produces 
falling  backwards,  and  a  lesion  in  the  anterior  portion  falling  forwards 
(Holmes  [1J:~ ',  but  on  the  whole  it  most  be  said  that  there  is  no 
general  agreement  about  the  direction  of  the  falling.  When  the  lateral 
parts  of  the  cerebellimi  are  affected  the  patient  falls  sideways,  either  to 
the  same  side  or  to  the  opposite.  The  clinical  hteratnre  thus  affords 
strong  evidence  that  a  lesion  of  the  vermis  produces  falling  in  a  more  or 
less  sagittal  direction,  whereas  a  lesion  c:  :he  hemispheres  causes  falling 
in  a  lateral  direction.  So  far,  clinical  observations  are  in  accordance 
with  the  principles  of  localization  that  have  been  discussed  in  this 
article. 

It  mu.st  be  said  that  human  pathology  has  orfered  cn.y  s^i^h:  ev:ien:e 
of  a  functional  localization  within  the  middle  iobe.  Nevertheless 
there  are  a  few  clinical  observations  that  strongly  speak  in  its  favour 
and  tend  to  corroborate  Bolk's  conclusions  on  the  locahzation  of  function 
in  the  most  recent  parts  of  the  cerebellar  hemisphere,  which  correspond 
to  the  mammalian  lobulus  ansiformis.  Andre  Thomas  states  that  the 
centres  of  the  arm  and  leg  in  the  human  cerebellum  are  arranged  in  the 
same  manner  as  in  cats  and  dogs,  the  anterior  part  of  lobulus  ansiformis 
being  related  to  the  arm  and  the  posterior  to  the  leg.  That  the  arm  is 
related  to  the  anterior  part  of  lobus  ansiformis  is  shown  by  a  case  of 
cerebellar  abscess  described  by  Thomas,  in  which  the  symptoms  were 
limited  to  the  right  arm,  though  the  serious  condition  of  the  patient  did 
not  permit  a  careful  examination.  After  death  an  abscess  was  fonnd  in 
the  substance  of  the  right  superior  semilunar  lobe,  but  the  whole  hemi- 
sphere   seems   to   have    suffered,    since    it    was   icedematous  and  more 
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voluminous  than  the  left.  The  fact  that  the  symptoms  affected  princi- 
pally the  arm  gives  a  certain  importance  to  this  case.  It  speaks  in 
favour  of  an  arm  centre  in  the  lobus  semilunaris  superior. 

In  his  recent  publication  [36]  Thomas  gives  several  instances  of 
cerebellar  lesions  where  the  symptoms  appeared  mainly  in  the  upper  or 
the  lovrer  limb.  Such  observations  indicate  that  there  must  be  a  strict 
localization  of  these  regions  of  the  body  in  the  cerebellum.  Unfortunately, 
the  author  had  no  opportunity  of  correlating  his  clinical  observations 
with  the  anatomical  lesions  and  these  cases  have,  therefore,  only  a 
restricted  importance. 

Rothmann  mentions  a  case  in  which  he  was  able  to  diagnose  an 
otogenic  cerebellar  abscess  in  "  the  posterior  part  of  the  hemisphere," 
owing  to  the  fact  that  the  ataxia  had  started  in  the  leg.  Marburg  finds 
that  tumours  of  the  ponto-cerebellar  angle  produce  more  marked 
symptoms  in  the  arm  than  in  the  leg.  The  first  observation  of  cere- 
bellar disturbances  limited  to  the  leg,  in  which  clinical  observation  had 
been  strictly  confirmed  by  the  autopsy,  was  my  first  case  described 
in  the  following  pages.  It  was  first  published  in  1919  [20]  and  is  strongly 
in  favour  of  this  physiological  system  of  localization  in  the  human 
cerebellum. 

Leri  [23]  published  a  very  important  observation  in  1917.  A 
soldier,  aged  31,  was  wounded  in  the  neck  by  a  bullet  which  had 
penetrated  from  behind  and  was  found  under  the  occipital  protuberance 
in  a  relatively  superficial  position,  from  which  it  was  easily  extracted. 
There  were  two  wounds,  one  corresponding  to  the  upper  or  middle  part 
of  the  inferior  vermis,  the  other  to  the  left  hemisphere.  From  the 
rapid  regression  of  the  symptoms  the  author  concluded  there  was  a 
superficial  lesion  of  the  cerebellum.  Two  or  three  months  after  the 
injury  this  patient  had  obvious  symptoms  of  cerebellar  deficiency,  but  in 
the  legs  only ;  the  arms  were  unaffected.  On  changing  the  position  of 
the  head  in  an  antero-posterior  plane  only,  the  patient  developed  vertigo. 
The  trembling  of  the  legs  also  appeared  only  in  an  antero-posterior 
direction.  The  author  draws  the  following  very  important  conclusions  : 
"  There  is  in  man  in  the  inferior  vermis  a  centre  in  charge  of  the  co- 
ordination of  the  motility  of  the  legs.  An  even  superficial  lesion  here 
gives  symptoms  exclusively  localized  in  the  inferior  extremities  {para- 
syndrome  cerebellalre)."  Furthermore,  the  author  concludes  that  there 
must  be  definite  relation  between  each  semicircular  canal  and  special 
cortical  areas  in  cerebellum  from  the  fact  that  the  vertigo  in  his  case 
could  be  elicited  only  by  movements  of  the  head  in  an  antero-posterior 
direction. 
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The  value  of  this  case  is  limited  by  the  fact  that  the  site  of  the 
lesion  was  not  verified.  It  is,  of  course,  impossible  to  form  any  exact 
idea  of  its  real  extent,  but  in  view  of  the  symptoms  I  am  inclined  to 
locate  it  somev^hat  more  caudally  than  the  author  does.  Anyhow,  the 
inferior  surface  of  the  cerebellum  was  certainly  injured. 

In  other  respects  also  this  case  is  exceedingly  interesting.  Thus 
the  tremor  in  the  antero-posterior  plane,  and  the  fact  that  vertigo  was 
produced  by  movements  of  the  head  in  this  plane  only,  agree  in  a 
remarkable  way  with  conceptions  developed  in  this  article  (compare 
p.  310)     .They  will  later  be  discussed. 

Gordon  Holmes  [14]  writes  (p.  115)  :  "  My  observations  do  not  lend 
support  to  the  theory  of  circumscribed  functional  representation  of 
different  parts  of  the  body  in  the  lateral  lobes."  A  small  lesion,  according 
to  this  author,  usually  produces  symptoms  equally  from  the  arm  and 
the  leg.  But  further  the  author  writes  :  "In  a  certain  number  of 
cases,  however,  the  one  limb  seemed  to  be  relatively  more  affected 
than  the  other,  the  leg  being  more  involved  by  caudal  and  mesial 
lesions  and  the  arm  by  the  more  anterior.  It  is  possible,  then,  that 
there  is  a  "prevalence  of  representation  "  in  the  Eossi  sense,  the  arm 
being  represented  more  anteriorly  and  the  leg  more  posteriorly,  but  this 
localization  is  so  indefinite  that  I  would  not  regard  it  as  a  trustworthy 
guide  in  the  diagnosis  of  a  small  lesion,  such  as  a  cortical  tumour." 

The  evidence  reported  by  Holmes  [14],  which  has  been  mentioned 
above,  is  entirely  in  favour  of  the  theory  of  localization  that  has  been 
adopted  in  my  first  cerebellar  study  in  1918. 

Here  follows  a  description  of  my  own  two  clinical  observations, 
which  seem  to  support  the  idea  that  the  cerebellar  centres  in  man  are 
arranged  in  a  manner  analogous  to  that  found  in  mammals. 

Case  1. — K.  G.  B.,  janitor,  aged  51  years.  Clinical  diagnosis  :  tumour  of 
biventral  lobule  of  the  cerebellum  ;  metastasis  from  a  rectal  carcinoma. 

Admitted  to  the  medical  clinic  on  August  24,  1918;  died  September  29, 
1918.  The  patient  enjoyed  good  health  until  the  beginning  of  1918,  when 
trouble  with  defaecation,  tenesmus  and  diarrhoea  appeared.  He  remained  at 
work  until  the  end  of  July,  hut  had  lost  about  25  kg.  during  the  year.  In 
August  he  developed  severe  headache,  referred  to  the  neck,  and  vomiting. 

The  patient  was  received  into  the  Lund  University  surgical  clinic  (Professor 
Borelius)  on  August  15.  In  this  clinic  a  rectal  cancer  was  found  which  could 
not  be  operated  upon  owing  to  its  high  position  in  the  pelvis.  Ophthalmoscopy 
on  August  12  (Dr.  Franck)  showed  the  fundus  normal.  The  persistent  severe 
headache  and  vomiting  made  a  metastasis  in  the  central  nervous  system  very 
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probable,  and  tbe  patient  was   tlierefore   referred   to  tlie  medical   clinic  for  a 
neurological  examination. 

Abstract  frovi  tlio  records  in  the  medical  clinic  :  Tlie  patient  complains  of 
severe  beadache,  especially  in  the  region  of  tbe  neck.  He  is  somewbat  dull 
and  slow,  but  answers  correctly.  On  moving  in  bed  he  has  paroxysms  of 
vomiting  and  vertigo,  especially  on  turning  his  eyes  towards  the  right.  He 
usually  lies  motionless  in  tbe  bed,  with  bis  bead  turned  to  tbe  right. 

Tbe  right  plantar  reHex  vpas  extensor  (Babinski),  the  left  flexor,  but  no 
other  abnormal  signs  were  found  except  these  referable  to  disturbance  of  tbe 
functions  of  the  cerebellum.  It  must  be  especially  emphasized  that  there  was 
no  sign  of  paresis  in  the  right  leg.  The  Achilles  and  patellar  tendon  reflexes  were 
normal  on  both  sides.  No  clonus  was  present.  Romberg's  sign  was  positive, 
but  there  was  no  tendency  to  fall  in  any  constant  direction.  There  was 
horizontal  nystagmus,  with  its  rapid  phase  towards  the  right,  and  slight 
-adiadokokinesis  in  tbe  pronation-supination  test  in  tbe  right  arm,  but  none  in 
left.  Tbe  finger-nose  test  is  carried  out  promptly  on  both  sides.  Tbe  knee- 
heel  test  is  accurate  on  tbe  left  side  but  much  distui'bed  on  tbe  right,  the 
patient  throws  the  right  heel  roughly  and  clumsily  beyond  the  left  patella  up  to 
about  tbe  middle  of  the  left  thigh,  and  in  moving  the  right  foot  back  to  a  spot 
marked  by  tbe  examiner's  finger  on  the  lower  part  of  the  left  leg  tbe  spot  is 
ulso  passed,  though  not  so  far.  With  the  right  leg  this  test  is  always  repeated 
with  the  same  inaccuracy.  This  is  tbe  more  remarkable  as  the  finger-nose 
tests  with  both  arms,  and  the  knee-heel  test  with  the  left  leg,  are  performed 
with  normal  precision. 

No  spontaneous  past-pointing  from  the  shoulder-joints  either  in  the 
vertical  or  horizontal  plane.  He  also  points  correctly  with  tbe  left  leg  from 
tbe  hip-joint,  but  when  lying  on  bis  back  there  is  considerable  past-pointing 
inwards  (medialwards)  with  the  right  leg. 

Syringing  tbe  right  ear  with  cold  water  produces  nystagmus  towards  the 
left  and  past-pointing  to  the  right  of  both  arms  from  the  shoulder-joints,  and 
of  tbe  left  leg.  The  right  leg  deviates  towards  the  left.  No  tendency  to  falling 
is  evoked.  Syringing  of  the  left  ear  produces  reinforcement  of  the  nystagmus 
towards  tbe  I'ight,  past-pointing  of  tbe  left  arm  towards  the  left,  and  of  the 
right  arm  to  the  right,  past-pointing  in  tbe  left  leg,  wide  deviation  of  tbe  right 
leg  towards  the  left,  and  falling  towards  the  left. 
Intense  vomiting  occurred  after  syringing. 

August  27. — To-day  the  patient  falls  spontaneously  backwards  and  to  the 
right.  Only  slight  adiadokokinesis  in  the  right  arm,  none  in  tbe  left.  Finger- 
nose  test  prompt  and  accurate  on  both  sides.  The  knee-heel  test  is  performed 
with  tbe  same  apparent  excess  of  motor  innervation  as  before,  the  right  foot 
being  thrown  far  above  the  left  knee.  With  tbe  left  foot  the  movement  is 
performed  normally.  No  paresis  of  the  musculature  in  the  right  leg.  When 
told  to  raise  himself  from  supine  into  the  sitting  position  with  the  arms  crossed 
on  tbe  chest  be  fails  to  sit  up  because  tbe  feet,  and  especially  the  right  leg, 
rise  from  the  bed.     When  in  the  standing  i:)Osition  be  attempts  to  put  the  point 
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of  the  foot  upon  spots  marked  by  chalk  on  the  floor,  the  right  foot  is  always 
moved  in  a  clumsy  way  far  past  the  mark,  even  when  the  patient  controls  the 
movement  with  his  eyes.  This  is  more  striking  when  he  has  to  move  the  foot 
backwards.  Spontaneous  pointing  unchanged  ;  after  rotation  to  the  right  on 
a  chair  (ten  turns  in  twenty  seconds  according  to  Baniny's  method)  a  strong 
tendency  to  fall  towards  the  right,  witli  past-pointing  to  the  right  in  both  arms 
and  in  the  left  leg  (hip-joint),  but  none  in  the  right  leg.  After  rotation  to  the 
left,  past-pointing  in  both  legs  and  in  the  left  arm,  but  none  in  the  right  arm. 
After  rotation  with  his  head  flexed  toward  the  right  or  left  shoulder  alter- 
nately, the  patient  can  be  made  to  fall  backwards  or  forwards. 

During  the  first  week  in  the  medical  ward  the  functions  of  the  cerebellum 
were  examined  daily.  He  was,  however,  very  much  troubled  by  examination 
and  began  to  vomit  intensely  as  soon  as  he  had  to  change  his  position  or  move 
himself  in  any  way.  Moveover,  he  suffered  much  with  headache,  and  during 
the  first  week  became  dull.  This  of  course  had  an  unfavourable  effect  on  the 
results  of  the  examinations,  especially  on  the  testing  of  the  vestibular  functions 
(caloric  and  rotation  tests),  but  it  was  possible  to  carry  out  without  discom- 
fort to  him  the  tests  for  adiadokokinesis,  and  the  finger-nose  and  knee-heel 
tests.  Spontaneous  pointing  from  both  shoulder-joints  remained  normal ; 
there  was  only  a  slight  adiadokokinesis  in  the  right  arm  ;  the  finger-nose  test 
was  performed  promptly  with  both  arms,  and  the  knee-heel  test  with  the  left. 
There  was  a  constant  deviation  inwards  of  the  right  leg  in  pointing  while  he 
lay  supine,  and  the  spontaneous  movements  of  this  extremity  were  always 
irregular  and  clumsy,  especially  in  the  knee-heel  test.  These  disturbances 
w-ere  considered  to  be  of  cerebellar  origin.  The  general  condition  of  the  patient 
became  gradually  worse ;  the  somnolence  and  dullness  increased  gradually 
and  he  died  on  September  29. 

Owing  to  the  cerebral  symptoms  a  cranial  tumour  was  suspected, 
probably  a  metastasis  from  the  rectal  neoplasm.  Since  the  clinical 
disturbances  were  mainly  of  cerebellar  nature  this  tumour  w^as  localized 
in  the  cerebellum,  and  as  the  symptoms  affected  the  right  leg  only  the 
tumour  was  placed  in  the  leg  centre  of  the  right  cerebellar  hemisphere. 
The  existence  of  a  leg-centre  in  the  human  cerebellum  has  never  been 
demonstrated,  but  from  analogy  with  the  mammalian  cerebellum  I 
assumed  that  it  lay  in  the  lobulus  biventer. 

The  autopsy  made  by  Dr.  J.  Fex  completely  verified  the  diagnosis. 
In  the  right  biventral  lobe  a  tumour  was  found,  which  on  the  micro- 
scopical examination  turned  out  to  be  a  metastasis  of  the  rectal  cancer. 
(Figs.  3a  and  3b). 

The  cerebrum  was  free  from  pathological  changes.  The  cerebellum  was 
normal  in  shape,  but  the  right  hemisphere  was  somewhat  more  voluminous 
than  the  left.     The  architecture  of  the  fissures  and  lamellae  was  everywhere 
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normal,  except  in  the  biventral  lobe  on  the  inferior  surface  of  the  right 
liemisphere,  where  the  tissue  was  firmer  to  the  palpating  finger.  Over  a 
certain  area  the  cerebellar  surface  was  replaced  by  a  greyish-looking  firm  mass 
around  which  the  lamell®  curved  as  if  tliey  were  pressed  a])art.  In  frontal 
sections  it  was  seen  that  this  was  part  of  the  tumour.  Its  greatest  horizontal 
diameter  was   5   cm.  and  vertical  4  cm.     It  lay  entirely  within  the  lobulus 


Fig.  3a. — Transverse  section  through  the  cerebellum  of  Case  1.  The  tumour  is  seen  in  its 
subcortical  position  on  the  right  side.  The  white  substance  and  the  nucleus  dentatus  are 
compressed  but  otherwise  undamaged. 


Fig.  3b. — Cerebellum  of  Case  1.     The  area  surrounded  by  the  white  broken  line 
indicates  the  site  and  size  of  the  tumour. 


biventer,  if  the  lobulus  gracilis  is  considered  apart  from  this.  It  occupied  the 
whole  medial  mass  of  this  lobule  on  the  inferior  surface  of  the  hemisphere,  and 
was  only  covered  by  a  thin  layer  of  cortex  until  the  fossa  transversa  (Ziehen) 
and  flocculus  were  reached.  It  was  sharply  limited  by  the  deep  fissure  that 
separates  the  lobulus  gracilis  from  the  lobulus  biventer,  and  spread  from  here 
laterally  and  backwards  in  the  substance  of  lobulus  biventer  to  the  region 
where  the  lower  anterior  surface  of  the  hemisphere  borders  on  the  lower 
posterior  surface. 
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The  lower  peripheral  branches  only  of  the  central  white  substance  were 
involved  by  the  tumour ;  the  main  mass  was  free,  but  was  displaced  upwards 
and  backwards.  The  dentate  nucleus  also  escaped,  but  its  central  foldings 
were  pressed  somewhat  dorsally,  and  its  hilus  was  compressed. 

No  other  tumours  were  detected  in  the  cerebellum.  The  medulla  oblongata 
was  a  little  dislocated  towards  the  left  side  in  the  vicinity  of  the  tumour,  and 
was  somewhat  compressed  on  its  right  side.  Microscopical  examination  of  the 
tumour  sliowed  it  to  be  a  soft  carcinoma  with  a  tendency  to  central  necrosis. 

The  fact  that  the  Babinski  sign  v^as  positive  on  the  right  side  is 
naturally  explained  by  the  pressure  exerted  by  the  tumour  on  the 
pyramidal  tract.  The  section  clearly  revealed  that  such  a  pressure  had 
occurred.  The  absence  of  all  other  signs  of  a  pyramidal  lesion  makes  it 
impossible  to  ascribe  the  motor  disturbances  of  the  right  leg  to  the 
slight  impairment  of  the  pyramidal  tract,  of  which  the  right  extensor 
response  was  an  indication. 

Sunimanj. — In  this  case  of  cerebellar  tumour  the  clinical  symptoms 
were  limited  to  the  right  leg,  apart  from  slight  adiadokokinesis  in  the 
right  arm.  At  the  autopsy  a  tumour  was  found  in  the  right  lobulus 
biventer  of  the  cerebellum. 

There  are  many  arguments,  anatomical  and  others,  which  strongly 
support  the  view  that  this  lobe  is  related  to  the  functions  of  the  leg. 
This  is  the  first  described  human  case  that  in  a  clear  and  convincing 
way  shows  that  the  leg-centre  is  situated  in  the  posterior  part  of  the 
cerebellar  hemisphere,  in  a  position  homologous  to  that  which  it  occupies 
in  the  mammalian  cerebellum.  The  site  of  the  tumour  was  an 
extremely  favourable  one,  since  it  occupied  the  entire  posterior  region 
of  the  lobus  posterior  (mihi)  and  this  region  only. 

Case  II. — E.  M.,  girl,  aged  16  years.  Clinical  diagnosis  :  Cerebellar  tumour. 
Pathological  diagnosis :  Sarcoma  of  the  meninges  with  extensive  growth  over 
the  surface  of  the  brain  and  spinal  cord. 

The  patient's  illness  began  with  severe  headache  and  vomiting  in  the  be- 
ginning of  1921.  After  some  months  a  staggering  gait  developed.  In  conse- 
quence of  the  severe  headache,  which  was  mostly  localized  in  the  neck,  the 
patient  was  received  into  the  University  Clinic  for  Internal  Medicine  on 
September  21,  1921.  She  then  had  nystagmus,  mainly  horizontal,  of  a  vesti- 
bular type  ;  the  right  pupil  was  smaller  than  the  left,  and  flexion  of  the  head 
forwards  was  painful,  but  flexion  backwards  not  so.  Eomberg's  sign  was 
positive.  Gait,  even  with  the  eyes  open,  was  very  uncertain ;  she  staggered 
equally  to  the  right  and  left.  The  finger-finger,  finger-nose  and  knee-heel  tests 
were  performed  accurately  on  both  sides.  Thex'e  was  no  adiadokokinesis. 
In  the  right  arm  there  was  spontaneous  lateral  past-pointing  from  the 
shoulder-joint,  but  no  error  in  the  left  arm.     Ophthalmoscopical  examination 
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(Professor  Ahlstroni)  revealed  choked  discs  with  a  swellinj^  of  more  tlian 
seven  diopters  in  both  eyes.     Vision  was  seriously  impaired. 

November  1 :  Otological  examination  (Docent  Tome)  :  Drums  of  both  ears 
normal.  Hears  whispering  with  both  ears  at  4  metres.  Spontaneous  hori- 
zontal nystagmus  to  both  sides.  Reactions  to  the  caloric  test  (cold  water) 
perfectly  normal  on  both  sides. 

November  8  :  Constant  spontaneous  past-pointing  towards  the  right  with 
the  right  arm.     Tendency  to  fall  to  the  right. 

Kovember  11  :  Finger-nose  test  normal.  Rombergs  sign  negative.  Gait 
normal  with  the  eyes  open,  but  when  they  are  closed  the  patient  deviates 
towards  the  right  in  walking. 

November  12  :  The  nystagmus  disappears  when  she  turns  the  eyes  to  either 
side  for  a  time.  She  performs  rapid  alternate  movements  well,  but  somewhat 
better  with  the  left  hand  than  with  the  right. 

In  consequence  of  the  disturbed  vision  the  patient  was  referred  to  the 
surgical  clinic,  where  a  trepanation  was  performed  by  Professor  Gustaf  Petren 
on  November  14. 

Abstract  from  the  record  of  operation. — After  opening  the  posterior  fossa  on 
the  right  side  and  incising  the  dura,  the  cerebellum  was  found  to  be  under 
high  pressure.  Some  suspicious  looking  substance  was  removed  with  a  sharp 
spoon  from  the  lateral  part  of  the  opening.  Punctures  were  made  in  two 
spots  of  the  cerebellar  hemisphere  to  a  depth  of  3  to  4  cm.,  but  nothing  was 
found,  and  no  tumour  was  palpable  to  the  finger.  As  the  cerebellum  was 
pressed  out  of  the  opening  its  margins  were  lacerated.  The  skin-flap  was 
replaced  and  the  wound  sutured ;  considerable  pressure  was  thereby  exerted  on 
the  protruding  cerebellar  hemisphere.  The  patient  was  in  good  condition  after 
the  operation. 

A  microscopical  examination  of  the  tissue  excised  was  made  at  the  Patho- 
logical Institute  by  Professor  Sjovall :  "  No  signs  of  tumour  or  tuberculosis, 
but  in  certain  regions  of  the  mass  there  were  haemorrhages,  some  of  long 
standing.  These  indicate  with  certainty  an  underlying  process  with  secondary 
toxic  or  circulatory  disturbances  in  the  surrounding  substance." 

For  some  time  after  the  operation  the  patient  had  intense  cerebellar  ataxia 
with  typical  cerebellar  speech.  The  right  eye  was  deviated  to  the  right,  but 
the  other  movements  of  the  eyes  were  normal.  There  was  maiked  nystagmus 
to  both  sides.  The  right  facial  nerve  was  paretic.  She  heard  whispering  with 
each  ear  at  three  metres.  No  paresis  of  extremities  or  trunk,  and  sensibility 
was  everywhere  normal.  Movements  of  the  right  ai-m  were  very  irregular, 
slinging  and  unbalanced.  In  the  finger-nose  test  the  right  hand  was  thrown 
with  force  past  the  nose,  or  against  the  forehead,  but  in  this  test  the  left  arm 
was  normal.  The  inferior  extremities  also  showed  the  same  disturbance  in 
movement,  the  knee-heel  test  being  badly  performed  on  both  sides,  especially 
on  the  right.     The  patient  was  unable  to  sit  up  in  bed  without  shaking. 

This  severe  general  ataxia  was  the  most  prominent  feature  after  the  opera- 
tion.    After  being  treated   with    Rontgen-rays   she  was  then   sent  home   on 


ON    CEREBKLLAll    LOCALIZATION  327 

February  19.  Her  condition  had  at  this  time  slowly  improved,  so  that  she 
could  walk,  but  her  gait  had  the  characteristics  of  cerebellar  ataxia. 

While  at  home  the  patient  improved  considerably,  she  had  only  moderate 
headache,  and  no  vomiting  or  vertigo.  Her  vision  improved  too.  She  was 
able  to  walk  alone  and  said  she  did  not  stagger.  She  was  received  into  the 
hospital  again  on  Marcli  3  in  order  to  continue  the  X-ray  treatment. 

On  her  arrival  she  had  a  hernia  the  size  of  an  orange  at  the  site  of  the 
trepanation.  She  is  intelligent  and  bright.  She  could  count  fingers  at  one  to 
one  and  a  half  metres  with  either  eye,  but  her  discs  were  atrophic.  There  was 
marked  nystagmus,  especially  in  looking  to  the  right.  There  was  no  paresis, 
and  the  plantar  reflexes  were  normal. 

The  tinger-nose  test  with  the  right  arm  was  uncertain,  the  hand  developing 
a  slight  tremor  at  its  goal.  There  was  also  adiadokokinesis  of  the  right  arm 
and  in  the  left  to  a  less  extent.  The  knee-heel  tests  were  normal  on  both  sides. 
Eomberg's  sign  was  not  present  but  gait  with  open  eyes  was  staggering  and 
uncertain,  the  patient  sometimes  tumbling  to  the  right.  Both  arms  deviated 
to  the  right  in  the  past-pointing  test  in  the  horizontal  plane,  but  there  was  no 
deviation  in  the  vertical  plane. 

April  -i. — Syringing  the  right  ear  with  cold  water  produced  brisk  nystagmus 
when  the  eyes  were  turned  to  the  left,  none  when  they  were  turned  to  the  right ; 
exaggeration  of  the  past-pointing  to  the  right,  and  the  patient  fell  to  the  right. 
On  turning  the  head  to  the  right  the  patient  fell  backwards,  on  turning  it  to 
the  left,  forwards. 

April  8. — Marked  nystagmus  to  the  right,  none  to  the  left.  The  linger-nose 
test  shows  typical  ataxia  of  the  right  hand,  none  in  the  left. 

The  patient  was  again  sent  home  on  April  21,  after  she  had  three  further 
applications  of  X-rays.  She  remained  at  home  till  May  18  when  she  was  again 
admitted  to  hospital.  She  had  had  some  headache  while  at  home.  Her  gait 
was  normal,  though  she  sometimes  tumbled  to  the  right  ;  she  had  fallen  only 
once,  when  she  tried  to  run.  She  had  nystagmus  on  turning  her  eyes  to  either 
side,  more  marked  to  the  right.  Sensibility  was  everywhere  normal,  and  no 
paresis  was  detected.  Eomberg's  sign  was  absent.  The  finger-nose  test  showed 
a  slight  uncertainty  in  the  right  hand,  but  none  in  the  left,  and  there  was  marked 
adiadokokinesis  in  the  right  arm.  The  knee-heel  test  was  carried  out  promptly, 
but  there  was  a  slight  uncertainty  in  the  movements  of  the  right  leg.  Gait  was 
staggering  and  uncertain,  and  became  only  slightly  more  so  when  the  patient 
closed  her  eyes. 

3Iay  29. — No  past-pointing  with  the  left  arm,  but  the  right  deviated 
towards  the  right. 

Man  30. — The  finger-nose  test  was  normal  with  the  left  arm,  and  only 
slight  disturbances  in  the  last  phase  of  the  movement  in  the  right.  There  was 
marked  adiadokokinesis  in  the  right  arm,  and  slighter  in  the  left.  On  closing 
her  eyes  when  her  feet  were  together  tlie  patient  stumbled  but  did  not  fall. 
She  walked  with  her  feet  widely  separated  and  stumbled  slightly. 

June  2. — Gait  almost  normal. 
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Tlie  patient  left  the  liospital  on  June  22.  She  was  admitted  again  on 
August  28  with  severe  headaches  and  a  large  hernia  at  the  site  of  the  operation. 
She  was  unable  to  turn  her  eyes  to  the  right,  and  had  paresis  of  the  right  facial 
nerve.  There  was  adiadokokinesis  on  both  sides,  especially  on  the  right.  The 
finger-nose  test  was  carried  out  poorly  with  the  right  arm,  the  finger  hitting 
the  nose  or  its  vicinity  with  great  force.  The  knee-heel  test  was  also  uncertain 
on  the  right  side.  The  arms  deviated  in  various  directions  in  testing  for  past- 
pointing  owing  to  the  disturbances  of  movement. 

The  patient  later  developed  a  slight  hemiparesis  on  the  right  side  of  the 
body,  became  unable  to  stand  or  walk,  and  died  on  October  2. 

An  autopsy  was  performed  October  2,  1922  (Professor  Sjovall,  Dr.  Olinder). 

A  meningeal  tumour  was  found  in  the  right  side  of  tlie  posterior  fossa  ; 
it  also  spread  widely  over  the  meninges  of  cerebrum,  cerel)ellum  and  the  spinal 
cord.  It  formed  a  thick  layer  around  the  spinal  cord  tliroughout  its  whole 
length. 

The  cerebellum,  after  fixation  in  formol,  was  carefully  cut  in  frontal 
sections.  It  was  then  found  that  the  entire  left  hemisphere  was  normal  and  that 
the  vermis  had  retained  its  structure,  altliough  infiltrated  by  the  tumour, 
esi^ecially  in  the  uvula  and  nodulus.  This  infiltration  increased  on  the  right 
side  of  the  vermis,  but  the  right  tonsil  and  a  small  part  of  the  digastric  lobe  in 
the  neighbourhood  of  the  tonsil,  corresponding  to  its  medial  and  lower  anterior 
parts,  were  comparatively  well  preserved.  No  trace  of  cerebellar  structure 
could  be  recognized  in  the  rest  of  the  digastric  lobe.  The  semilunar  lobes  had 
disappeared  and  the  destruction  extended  into  the  right  part  of  the  lobulus 
simplex  and  into  the  posterior  part  of  the  right  side  of  the  lobus  anterior. 

There  was  a  softening  of  the  central  white  substance  below  tlie  cortical 
destruction.  No  trace  of  the  dentate  nucleus  could  be  seen  and  no  normal 
tissue  was  found  above  the  level  of  the  peduncles.  The  nuclei  tecti  were 
intact. 

Microscopical  examination  showed  that  the  growth  was  a  meningeal 
sarcoma. 

Summary. — The  patient  was  a  girl  who,  owing  to  signs  of  increased 
intracranial  pressure  (choked  discs  with  impaired  vision),  was  trephined 
over  the  right  cerebellar  hemisphere,  and  part  of  the  lateral  portion 
of  the  cerebellum  was  removed.  After  the  operation  she  developed 
a  severe  generalized  ataxia,  undoubtedly  due  to  the  intense  pressure  and 
tension  on  the  whole  cerebellum.  The  ataxia  diminished  gradually, 
and  undoubtedly  as  a  consequence  of  X-ray  treatment  the  general 
condition  of  the  patient  improved  in  a  remarkable  way.  For  a  long 
period  she  presented  no  other  neurological  symptom  than  signs  of 
cerebellar  disturbances  in  the  right  arm.  Her  gait  was  almost  normal, 
Romberg's  sign  was  absent  and  the  knee-heel  test  was  well  performed 
with  the  right  leg  ;  but  there  was  ataxia  in  the  finger-nose  test  and 
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adiadokokinesis  of  the  right  arm.  Towards  the  end  of  her  life  the 
most  prominent  feature  was  again  a  general  ataxia  of  the  whole  body, 
and  hemiparesis.  This  was  undoubtedly  caused  by  the  tumour  masses 
found  at  the  autopsy. 

The  period  of  temporary  recovery  was  that  of  greatest  interest 
in  this  case.  We  know  that  such  tumours  can  be  influenced  by  X-rays, 
and  we  may  therefore  assume  a  regression  of  the  tumour  mass  leading 
to  the  regression  of  the  symptoms.  That  being  so,  it  is  remarkable 
that  during  the  whole  time  there  was  a  profound  ataxia  of  the  right 
arm. 

A  portion  of  the  lateral  part  of  the  anterior  semilunar  lobe  had 
been  removed  at  the  operation,  and  the  cortex  round  the  margins 
of  the  opening  of  the  skull  was  lacerated.  Later  the  skin-flap  com- 
pressed the  protruding  hemisphere.  From  earlier  cases  treated  in 
the  same  way  and  studied  especially  with  regard  to  disturbances  of 
speech,  I  know  that  such  an  operation  means  a  considerable  destruction 
of  the  cerebellar  substance  that  protrudes  into  the  opening. 
Undoubtedly  the  entire  cortex  of  this  part  of  the  cerebellum  must  have 
been  destroyed,  directly  or  indirectly,  by  the  operation.  The  autopsy 
verified  this  assumption. 

The  anatomical  examination  in  fact  showed  that  both  semilunar 
lobes,  the  lobulus  gracilis,  and  the  rostral  parts  of  lobulus  biventer 
were  destroyed.  The  extensive  softening  of  the  central  white  matter 
of  the  right  hemisphere  is  here  left  out  of  account,  because  it  had  all 
the  characteristics  of  an  acute  process  which  occurred  shortly  before 
death.  The  symptoms  exhibited  by  the  patient  during  her 
last  few  weeks  have  no  interest  for  the  questions  discussed  in  this 
paper. 

For  a  time  after  the  operation  there  was  an  intense  general  cere- 
bellar ataxia  in  both  sides  of  the  body.  This  may  be  regarded  as  an 
ordinary  result  of  such  operations  on  the  posterior  fossa.  This  ataxia 
diminished  gradually,  but  for  several  months  there  was  ataxia  of  the  right 
arm,  whereas  the  cerebellar  disturbances  of  the  right  leg  were  only 
slight.  The  discrepancy  between  the  symptoms  of  cerebellar  deficiency 
in  the  arm  and  the  leg  is  the  most  interesting  feature  of  this  case.  How 
is  it  to  be  explained  ?  According  to  the  theories  developed  above,  the 
centre  of  the  arm  is  located  in  the  upper  semilunar  lobe,  whereas 
the  leg-centre  is  situated  in  the  lobulus  biventer  and  the  tonsil.  In  this 
case  the  semilunar  lobes  were  entirely  removed,  and  the  remaining  parts 
of  the  biventral  lobe  and  the  tonsil  were  sufficient  to  regulate  the 
motor  functions  of  the  leg. 
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Thus  the  symptoms  of  this  case  also  are  in  favour  of  the  hypothesis 
that  the  arm-centre  of  the  human  cerebellum  is  situated  rostrally  to 
the  leg  centre.  This  case,  therefore,  forms  a  natural  complement  to 
the  first  case  described. 

Barany  [8]  has  studied  the  clinical  symptoms  of  vestibular  lesions 
in  an  ingenious  manner,  and  has  been  led  by  this  vv^ork  to  a  conception 
of  another  system  of  cerebellar  localization.  According  to  him  the 
vestibular  reactions  (past-pointing,  tendency  to  fall)  produced  by 
irritation  of  the  vestibular  apparatus,  are  elicited  by  way  of  the 
cerebellar  cortex.  The  works  of  the  Dutch  physiologists,  Magnus  and 
de  Kleijn,  however,  disprove  this  hypothesis  upon  which  his  whole 
system  of  localization  is  based.  They  have  found  that  the  ordinary 
reactions  of  the  extremities  and  trunk  evoked  by  irritation  of  the 
vestibular  apparatus  are  not  in  any  way  influenced  by  total  ablation  of 
the  cerebellum.  They  have  thus  conclusively  shown  that  the  reflex 
mechanism  of  the  vestibular  reactions  is  not  related  to  the  cerebellum. 

On  the  other  hand,  Barany  has  conclusively  shown  that  reactions 
similar  to  those  appearing  after  vestibular  lesions  may  be  elicited  from 
the  cerebellum.  Thus  he  has  found  that  after  cortical  lesions  of  the 
cerebellum  typical  deviations  of  the  limbs  occur  (past-pointing  in 
dififerent  directions).  Barany 's  results  have  been  corroborated  by 
several  authors,  as  Holmgren,  Berggren,  Boivie,  Schmiegelow  and  others. 
Trendelenburg's  method  of  cooling  the  cerebellar  cortex  has  proved  to 
be  a  useful  mode  of  investigation.  By  cooling  different  areas  of  the 
cerebellar  cortex  Barany  has  been  able  to  produce  deviations  in  different 
directions  in  the  past-pointing  tests. 

Barany  believes  that  the  main  principles  of  cerebellar  localization  is 
a  representation  of  the  different  directions  of  movement  at  the  joints. 
As  each  joint  can  be  moved  in  four  directions,  upwards  and  downwards, 
medially  and  laterally,  it  must  be  represented  in  the  cerebellar  cortex 
by  four  tonus  centres,  one  for  each  direction  of  movement.  If  one 
centre  is  paralysed  by  a  lesion  or  by  cooling,  the  antagonistic  centre 
prevails,  and  the  result  is  a  deviation  in  the  direction  of  the  action  of 
this  antagonistic  centre.  Thus,  if  the  inward  centre  for  the  arm  is 
disturbed,  the  arm  deviates  laterally  in  the  pointing  test.  Barany  has 
lately  reviewed  this  theory  [3] . 

The  situation  of  the  tonus  centre  for  inward  deviation  of  the  arm 
seems  to  be  well  established  ;  paralysis  of  it  produces  past-pointing  of 
the  arm.     This  can  be  easily    induced  by  cooling  the  cerebellar  cortex 
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with  ethyl  chloride  in  persons  in  whom  the  mastoid  process  has  been 
removed,  so  that  the  dura  lies  directly  under  the  skin  ;  this  produces 
deviation  outwards  of  the  homolateral  arm.  Barany  says  that  he  has 
been  able  to  perform  this  experiment  at  least  forty  times  with  the  same 
result,  and  he  therefore  considers  this  centre  is  definitely  established.. 

Gordon  Holmes,  who  has  made  an  extensive  study  of  injuries  of 
the  cerebellum  during  the  war  [13],.  concludes  his  studies  of  the 
pointing  reaction  by  stating  that  in  almost  all  his  cases  there  was  a 
tendency  to  past-pointing  outwards,  wherever  the  lesion  was  situated  in 
the  cortex.  This  is  a  strong  objection  to  the  supposition  of  a  special 
tonus  centre  for  inward  deviation. 

The  present  writer  [21]  has  recently  found  that  past-pointing  can 
be  induced  from  a  purely  spinal  mechanism.  If  a  person  stands  with 
his  feet  close  together  and  points  towards  a  given  point,  his  finger  will 
deviate  laterally  if  during  the  test  the  other  arm  is  abducted.  This 
lateral  past-pointing  depends  only  on  the  disturbance  of  the  static 
conditions  of  the  body  produced  by  the  abduction  of  the  other  arm.  I 
have  called  this  phenomenon  spinal  past-pointing. 

Thus  a  disturbance  of  the  static  conditions  of  the  body  gives  rise  to 
past-pointing.  From  experimental  investigations  we  know  that  a  lesion 
of  the  cerebellum  produces  disturbances  of  muscular  tone,  that  is, 
static  disturbance  of  different  parts  of  the  body,  and  it  seems  to  me  that 
the  only  one  of  Barany's  observations  that  has  been  definitely  established, 
namely,  the  past-pointing  outwards,  may  be  explained  as  a  secondary 
phenomenon  produced  by  a  general  disturbance  of  static  conditions 
following  any  lesion  of  the  cerebellum. 

Barany  has  described  a  tonus  centre  for  downward  deviation  in  the 
medial  part  of  lobulus  semilunaris  inferior,  close  to  the  vermis. 
Destruction  of  this  centre  should  give  rise  to  past-pointing  upwards  of 
the  arm.  One  of  my  patients  in  whom  there  was  a  solitary  tubercle 
situated  exactly  in  this  region,  nevertheless  pointed  downwards  before 
the  operation  [18] .  The  tumour  was  successfully  removed  by  Professor 
Borelius.  On  the  excised  piece  of  the  cerebellar  cortex  it  was  easy  to 
recognize  that  the  tissue  removed  was  the  medial  part  of  lobulus  semi- 
lunaris inferior.  After  the  operation  there  was  no  deviation.  This, 
which  must  in  all  respects  be  considered  a  pure  case,  strongly  contradicts 
Barany's  hypothesis  of  a  tonus  centre  for  downward  deviation  in  this 
region  ;  Barany  himself  [3]  admits  that  it  is  a  serious  objection  to  his 
hypothesis. 

According  to  Barany  the  centre  of  the  leg    and  arm  are  situated 
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together  in  lobulus  biventer.  He  denies  that  the  arm  and  the  leg  are 
represented  in  a  manner  analogous  to  that  determined  by  experiments 
on  animals.  That  past-pointing  is  produced  from  the  same  region  of 
the  cerebellum  in  either  the  leg  or  in  the  arm  can  be,  it  seems  to  me, 
explained  by  the  fact  that  any  lesion  of  the  cerebellum  brings  about  a 
disturbance  of  static  conditions  of  the  body,  and  that  this  results  in 
past-pointing  of  different  parts  of  the  body. 

Conclusions. 

The  basal  portions  of  the  cerebellum,  situated  immediately  above 
the  fourth  ventricle,  are  phylogenetically  the  oldest  parts  of  the  cerebellar 
cortex.  Special  attention  must  in  future  studies  be  paid  to  these  parts, 
which  have  hitherto  been  neglected.  Anatomical  facts  indicate  that 
they  are  endowed  with  important  functions. 

The  most  characteristic  feature  of  these  basal  regions  is  that  they 
receive  fibres  directly  from  the  vestibular  nerves,  according  to  studies 
previously  made  by  the  author. 

The  histological  uniformity  of  the  cerebellar  cortex,  even  in  the 
human  cerebellum,  indicates  that  function  and  organization  of  function 
are  probably  essentially  the  same  in  the  whole  organ.  All  evidence  on 
the  function  of  the  basal  regions  will  therefore  be  of  the  greatest  value 
for  an  understanding  of  that  of  the  whole  cerebellum. 

After  lesions  of  the  basal  parts  motor  phenomena  known  as  "  forced 
movements"  occur. 

It  has  been  shown  by  Kussell,  Ingvar,  and  Simonelli  that  these 
forced  movements  after  lesions  of  the  posterior  lobe  appear  chiefly  as  a 
falling  backwards.  These  same  authors  have  demonstrated  that  the 
more  posteriorly  the  lesion  lies,  the  more  pronounced  is  this  falling 
backwards  during  the  acute  stage. 

Since  the  forced  movements  resemble  strongly  those  appearing  after 
lesions  of  the  vestibular  apparatus,  it  is  logical  to  regard  the  forced 
movements  after  cerebellar  lesions  as  being  due  to  disturbance  of  the 
vestibular  innervation  of  these  parts. 

Both  the  vestibular  and  cerebellar  forced  movements  always  take  place 
in  a  definite  plane  of  space.  When  such  lesions  involve  the  anterior  or 
posterior  parts  of  the  basal  region  the  forced  movements  take  place  in 
a  sagittal  plane  around  a  frontal  axis,  while  lesions  of  the  lateral  parts 
of  the  cerebellum  give  rise  to  forced  movements  in  the  frontal  plane 
around  a  longitudinal  axis. 

Since  those  associated   with  lesions   of  the  anterior  and  posterior 
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parts  of  the  vermis  resemble  those  produced  by  lesions  of  the  vertical 
semicircular  canal,  it  is  logical  to  conclude  that  this  canal  is  specially 
connected  with  these  regions  of  the  cerebellum.  Certain  clinical 
observations  speak  in  favour  of  this  hypothesis. 

The  fact  that  forced  movements  disappear  soon  after  the  infliction 
of  the  lesion  is  not  an  argument  that  they  are  not  of  cerebellar  origin, 
or  without  importance  for  our  knowledge  of  cerebellar  physiology. 

As  the  basal  regions  of  the  cerebellar  cortex  with  their  intimate 
vestibular  connections  are,  in  the  literal  sense  of  the  word,  a  sort  of 
calyx  which  encloses  the  major  part  of  the  cerebellum,  which  is 
developed  later  in  phylogenesis,  so  the  functions  of  the  labyrinth  may 
be  considered  to  include  in  embryo  those  of  the  cerebellum.  There  is 
during  phylogenetic  development  a  tendency  of  regression  of  the 
vestibular  influence  on  cerebellum,  whereas  the  spinal  influence 
increases  (strongly  developed  spino-cerebellar  tracts  in  higher  animals). 
Morphological  and  histological  studies  have  provided  ample  evidence 
that  the  cerebellum  is  an  identical  organ  in  all  vertebrates.  There 
exists  a  complete  homology  between  all  parts  of  all  cerebellums,  except 
in  the  case  of  the  bony  fishes.  Accordingly,  in  all  the  same  system  of 
functional  localization  must  hold. 

A  long  series  of  experiments  on  the  cerebellum  has  shown  that  in 
animals  the  limbs  are  at  least  to  a  considerable  extent  represented  in 
special  regions  of  the  cerebellar  cortex  (lobulus  ansoparamedianus, 
Bolk),  and  that  the  centre  of  the  fore  limb  is  situated  rostrally  to  that 
of  the  hind  limb. 

Two  cases  are  described  in  this  article  which  strongly  support  the 
view  that  in  the  human  cerebellum  there  is  the  same  arrangement  of 
the  centres  of  homologous  parts. 

In  the  first  case,  where  a  tumour  lay  in  the  right  lobulus  biventer, 
the  only  clinical  symptom  was  cerebellar  ataxia  of  the  right  leg.  In 
the  second  case  the  right  hemisphere  was  injured  extensively  by  an 
operation,  and  post-mortem  examination  showed  that  a  large  part  of 
the  hemisphere  (semilunar  lobes,  lobulus  gracilis,  part  of  lobus  biventer) 
had  been  completely  destroyed.  The  severe  general  ataxia  that  followed 
the  operation  disappeared  gradually  from  all  parts  of  the  body  except 
in  the  right  arm,  though  a  slight  disturbance  of  a  cerebellar  type  was 
also  noticed  in  the  right  leg. 


334  ORIGINAL    ARTICLES   AND   CLINICAL   CASES 

BIBLIOGRAPHY. 

[1]  Adler,   Arthur.     "  Die   Symptomatologie    der    Kleiuhirncrkratikuugeu/'   Wiesbaden, 

1899. 
(2]  AUERBACH,  S.    "  Hemiataxia  cerebellaris,"  Journ.f.  Physiol,  vnd  Neurol.,  1914,  20,  219. 
[3]  Barany,  R.     "  Vad  som  mod  siikerhet  ar  fast.itiillt  och  vad  som  iinnu  iir  ovisst  vis  a 

vis  lokalisationen  i  lillhj  irnan.''     (What  is  proved  with   certainty  and  what  is  still 

to  be  considered  uncertain  about  cerebellar  localization.)      "  Oto-laryngologiska  sek- 

tionens  forbandlingar,"  Stockholm,  1919,  published  in  Hygiea,  1922,  84,  369. 
{4]  Beck,  A.,  und  Bikkles,  G.     *' Versuche  iiber  die  gegenseitige  funktionelle  Beeinttiissung 

von  Gross-und  Kleinhiru,"  Pfliigers  Archiv,  1911,  143,  283. 
[5]  Idem.     "  Versuche  iiber  die  sensorische  Funktion  des  KloinhirnmittelstUckes,"  Pfliigers 

Archiv,  1911,  143,  290. 
[G]  Bremer.     Fredkric.     "  Contribution   A    I'etude   de   la   physiologie   du   cervelet.      La 

fonction  inhibitrice  du  Palfeocerebelluni."     Comptes  reiidxis  des  Seances  de  la  Soci^ti' 

de  Biologic  de  Paris,  1922,  86,  955.     Archiv  Internat.  de  Physiologic.  1922. 
[7]  Brocwer,  B.     "  Ueber  Hemiatrophia  neocerebellaris,"  Archiv  f.  Psychiatrie.  1913,  51. 
[8]  Bruns.     "  Die  Geschwiilste  des  Nervensystems,"  2te  Aufi.,  Berlin,  1908. 
[9]  Ferrier,  David,  and  Turner,  W.  Aldrkn.     "  A  Record  of  Experiments  illustrative 

of  the  Symptomatology  and  Degenerations  following  Lesions  of  the  Cerebellum  and 

its  Peduncles  and  Related  Structures  in  Monkeys,"  Phil.  Trans,  of  the  Boy.  Soc.  of 

London,  B.,  1894,  185,  719. 
£10]  Ferrier,  D.     "The  Functions  of  the  Brain,"  London,  187G,  94. 
[11]  Hesser,  Carl,  und  Troell,  Abraham     "  Ueber  das  cerebellare  Lokalisationsproblem, 

Experimentelle  Untersuchungen,"  Acta  Cltirurg.  Scandinavica,  1921,  54,  211. 
(12]  HoRSLEY   and  Salusbury  MacNalty.      "On  the   Cervical  Spino-Bulbar   and   Spino- 
cerebellar  Tracts   and   on   the   Question   of   Topographical    Representation   in    the 

Cerebellum,"  Brain,   1909,  32,  237. 
[13]  Holmes,  G.     "The  Symptoms  of  Acute  Cerebellar  Injuries  due  to  Gunshot  Injuries," 

Brain,  1917,  40,  461. 
[14]  Jde»n.     "The    Clinical    Symptoms   of   Cerebellar    Disease   and    their   Interpretation," 

Lancet,  1922,  1,  1177  and  1231,  2,  59  and  111. 
[15]  Hunt,  J.  Ramsay.      "  Dyssynergia   Cerebellaris   Myoclonica  :    a   Contribution   to   the 

Pathology  of  the  Cerebellum,"  Brain,  1922,  44,  490. 
[16]  Ingvar,  Sven.    "  Zur  Onto-  und  Phylogenese  des  Kleinhirns  uebst  einem  Versuch  zur 

einheitlicher  Erkliirung  der  zerebellaren  Lokalisation  und  Funktion,"  Folia  Neurobiol., 

1919, 12,  205. 
[17]  Idem.      "  Bidrag    till    kanuedomen  om  lilla  hjarnans  inflytande  pa  talct,"   Allmdnna 

Svenska  Ldkartidnmgen,  1916,  13,  352. 
[18]  Idem.     "  Beitrag  zur  Kenntnis  der  Lokalisation  im  Kleinhirn.  Ein  Fall  von  Solitar- 

tuberkel    im    Kleinhirn,"    Psychiatrische    und   Neurologische    Bladen,    Feestbundel 

Winkler,  1918. 
[19]  Idem.     "  Zur  Kenntnis  vom  Einfluss  des  Kleinhirns  auf  die  Sprache,"  ibid. 
[20J  Idem.     "Om  benets  centrum  i  lilla  hjiirnan,"  Allvumna  Svenska  Liikartidningen,  1919, 

16,  275. 
[21]  Idem.     "  Ueber  spinales  Vorbeizeigen,"  Acta  medica,  1922,  57,  313. 
[22]  DE  Kleijn,  a.,  and  Magnus,  R.     "  Ueber  die  Unabhiingigkeit  der  Labyrinthreflexe  vom 

Kleinhirn  und  iiber  die  Lage  der  Zentren  (iir  die  Labyrinthreflexe  im  Hirnstamm," 

Pfliigers  Archiv,  1920,  178,  124. 
[23]  Leri,  a.     "  Contribution  a  I'etude  des  localisations  cerebelleuses  chez  I'homme  ;  para- 
syndrome   cerebelleuse   complet    par    blessure    du    vermis   inf^rieur   (syndrome   du 

Duchenne  et  de  Babinski,  associes  et  limites  aux  membres  inferieurs),"  Bulletin  de 

VAcaiii^mie  de  Med.,  1917. 
[24]  Marie,  Pikrre,  Ch.  Foix,  et  Alajouanine,  Th.      "  De  I'atrophie  c6r6belleuse  tardive 

a  predominance  corticale,"  Bev.  Neurolog.,  1922, 


CEEEBELLAR    LOCALIZATION  335 

[25]  Marrassini,  a.     "  Sopra  gli  effetti  delle  deinolizioni  parziali  del  cervclletto,"  ArcJi.  di 

FisLol.,  1905,  11,  327. 
[26]  Miller,  F.  R.,  and  Banting,  F.  G.     "  Cerebellar  Stimulation,"  Physiological  Abstracts, 

1922,  7,  96. 
[27]  NoiCA.     "  Le  role  de  fixite  du  cervelet  dans  I'execution  des  mouvements  volontaires  des 

membres,"  Rev.  Neurolog.,  1921,  28,  164. 
[28]  NoTHNAGEL.     "Topische  Diagnostik  der  Gehirnkrankheiten,"  Berlin,  1879. 
[29]  Rossi,  Gilberto.     "  Sugli   effetti   consecutivi   alia   stimulazione  contemporanoa  della 

corteccia  cerebrale  e  di  quella  cerebellare,"  Arch,  di  Fisiol.,  1922,  10,  389. 
[30]  RosBi,   G.,  et   Simonelli,   G.     "  Recherches   experimentales  et   considerations  sur  la 

fonction  cerebelleuse,"  Arch.  Suisse  de  Neurol,  et  de  Psych.,  1923,  12,  28. 
[31]  Rothmann,    M.     "  Die   Funktion   des   Mittellappens   des    Kleinhirns,"  Monatsschr.   f. 

Psychiatv.  und  Neurolog.,  1913,  34. 
[32]  Russell,  Risien.     "Experimental  Researches  into  the  Function  of  the  Cerebellum," 

Phil.  Trans,  of  the  Roy.  Sac.  of  London,  1894,  B,  185,  819. 
|33]  Simonelli,  Gino.     "Sulla  funzione  dei  lobi  medi  del  cervelletto  :    Nota  I,   II   lobo 

posteriore  (Pyramis,  Uvula,  Nodulus,  secoudo  Ingvar),"  Archiv.  di  Fisiol.,  1921,  19, 

447. 
[34]  Stewart  and  Holmes,     "  Symptomatology  of  Cerebellar  Tumours  :  A  Study  of  Forty 

Cases,"  Brain,  1904,  27,  522. 
[35]  Thomas,  Andre.     "  Etudes  sur  les  blessures  du  cervelet,"  Paris,  1918. 
[36]  Thomas,  Andre,  et  Durupt,  A.     "Les  localisations  cerebelleuses,"  Paris,  1914. 
[37]  Walshe,  F.  M.  R.     "  On  Disorders  of  Movement  resulting  from  Loss  of  Postural  Tone, 

with  Special  Reference  to  Cerebellar  Ataxy,"  Brain,  1921,  44,  539. 
[38]  Idem.     "  Decerebrate   Rigidity  and   its  Recognition   in   Man,"  Proc.  Roy.    Soc.   Med. 

(Section  of  Neurology),  1922,  15,  41. 


BUAIN  —VOL     XLVI.  24 


THE  OCCURRENCE  IN  OSTEITIS  DEFORMANS  OF  LESIONS 
OF  THE  CENTRAL  NERVOUS  SYSTEM,  WITH  A  REPORT 
OF  FOUR  CASES. 

BY  W.  G.  WYLLIE,  M.D.,  M.R.C.P. 
Resident  Medical  Officer.  National  Hospital,  Queen  Square. 

Much  has  been  written  on  osteitis  deformans  since  Paget  first  gave 
his  classic  description  of  this  disease  in  1876.  It  is  well  known  that 
the  nervous  system  is  rarely  affected,  in  spite  of  the  alterations  that 
occur  in  the  bones  which  surround  the  brain  and  spinal  cord,  as  well  as 
in  the  neural  foramina  of  the  skull  and  vertebral  column.  The  rarity 
of  cases  reported  in  the  literature  in  which  neurological  signs  were 
present  is  striking. 

The  essential  changes  of  the  disease  consist  in  a  primary  absorption 
and  rarefaction  of  bone,  followed  by  an  excessive  formation  of  fibro- 
osteoid  tissue.  In  this  way  the  consistency  of  the  affected  bones 
becomes  softened.  These  lesions  occur  most  frequently  in  the  bones  of 
the  skull,  the  long  bones  of  the  extremities,  and  very  often  in  the 
vertebral  column. 

In  the  cranium  extensive  alterations  are  produced  by  the  abnormal 
condition  of  the  bones.  While  the  facial  bones  are  not  infrequently 
affected,  attention  here  is  chiefly  concerned  with  the  osseous  structures 
which  envelop  the  brain.  The  skull  is  increased  in  size.  In  shape  it 
commonly  becomes  more  square  and  may  show  bossing.  The  latter 
deformity  is  seen  most  frequently  upon  the  vertex.  An  increase  in 
width  is  an  outstanding  feature  of  the  altered  shape  of  the  head.  In 
many  cases  the  sides  of  the  skull  bulge  prominently,  so  that  the  ears 
come  to  be  tilted  outwards.  Prominence  of  the  frontal  region  is  also 
frequently  present. 

The  cranial  bones  are  increased  in  thickness,  often  to  an  extreme 
degree,  and  the  sutures,  especially  at  the  vertex,  are  frequently 
obliterated.  Differentiation  into  outer,  middle  and  inner  tables  of 
a  severely  affected  bone,  seen  in  section,  is  seldom  possible.  On  the 
inner  aspect  of  the  cranial  vault  the  greatest  thickening  and  irregularity 
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are  commonly  seen  in  the  region  of  the  frontal  and  anterior  halves  of  the 
parietal  bones.  In  this  area  flattened  exostoses  are  sometimes  present, 
producing  great  unevenness  of  the  bony  surface.  The  occipital  bone,, 
though  participating  in  the  general  increase  in  thickness,  usually 
has  a  less  irregular  surface.  The  bones  at  the  base  likewise  become 
thickened. 

The  sella  turcica  in  a  few  cases  has  been  found  altered  in  shape,  the 
alteration  consisting  in  a  flattening  out  of  the  fossa,  but  in  a  series  of 
six  skulls  Hurwitz  found  the  sella  turcica  altered  in  one  only.  Leri 
and  Jefferson  both  mention  cases  in  which  the  fossa  had  become  very 
shallow.  In  Jefferson's  case,  which  was  examined  radiographically, 
the  sphenoidal  sinus  appeared  very  large.  On  the  other  hand  this 
sinus  may  be  greatly  reduced  in  size ;  I  have  recently  had  the  oppor- 
tunity of  examining  a  skull,  severely  affected  by  osteitis  deformans,  in 
which  it  was  filled  in  by  bony  overgrowth. 

The  internal  configuration  of  the  skull  is  markedly  altered.  As 
mentioned  before,  an  increase  in  its  breadth  is  an  almost  constant 
feature.  This  widening  is  not  only  accounted  for  by  the  greater 
thickness  of  the  bones,  but  also  by  an  actual  increase  in  the  transverse 
diameter  of  the  interior.  The  antero-posterior  diameter  is  lengthened, 
but  to  a  less  extent.  The  vertical  measurements  of  the  cavity,, 
however,  are  decreased,  especially  in  the  region  of  the  foramen  magnum, 
as  has  been  pointed  out  by  Leri. 

That  portion  of  the  base  surrounding  the  foramen  magnum  which 
is  supported  by  the  spinal  column  is  maintained  in  position,  while  the 
various  cranial  fossae  tend  to  sag  down  around  this  central  point.  An 
important  factor  in  the  production  of  this  sagging  is  the  weight  of  the 
cerebral  hemispheres.  The  peripheral  portions  of  the  lesser  wings  of 
the  sphenoid  and  of  the  petrous  temporal  bones  sink  downwards.  At 
the  same  time  the  degree  of  upward  slope  of  the  anterior  or  basilar 
portion  of  the  occipital  bone  and  of  the  dorsum  sellae  becomes  reduced 
or  lowered.  In  this  manner  the  base  of  the  skull  comes  to  be  flattened 
out  to  a  certain  extent.  This  altered  formation  has  been  termed 
"  platybasie  "  by  Leri. 

In  more  extreme  cases  of  sinking  of  the  peripheral  portions  of  the 
base,  the  basilar  part  of  the  occipital  and  posterior  part  of  the  sphenoid 
bones  may  actually  have  the  appearance  of  having  been  pushed  up  into 
the  cranial  cavity,  producing  an  elevation.  To  this  deformity  Leri 
gives  the  name  of  "  convexobasie." 

It  has  long  been  recognized  that  the  neural  and  vascular  foramina 
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at  the  base  become  reduced  in  size,  though  some  observers  have  made 
a  contrary  statement.  Leri,  however,  in  1913  drew  particular  attention 
to  the  narrowing  of  all  the  basal  foramina,  including  the  foramen 
magnum,  in  skulls  affected  by  osteitis  deformans. 

The  extent  of  reduction  in  the  calibre  of  the  individual  foramina 
is  commonly  unequal,  depending  upon  the  degree  of  abnormality  in 
the  bones  surrounding  them.  While  the  reduction  in  size  of  the  neural 
foramina  may  be  accepted  as  a  constant  feature,  narrowing  of  the 
vascular  foramina  is  by  no  means  always  present.  In  the  first  case 
described  by  Paget  enlargement  of  all  the  channels  and  apertures  for 
blood-vessels  was  noted  at  the  autopsy.  Humphry  reported  in  one 
case  increase  in  size  of  the  carotid  canal  and  of  the  foramina  spinosa. 
It  is  usually  observed  that  the  grooves  on  the  inner  surfaces  of  the  bones 
for  the  meningeal  vessels  are  much  deeper  than  normal.  The  pulsatile 
properties  of  the  vessels  may  have  something  to  do  with  this. 

The  absence  of  cerebral  compression  in  osteitis  deformans  of  the 
skull  has  been  accounted  for  by  the  intracranial  pressure  exerting  its 
influence  upon  the  bones  in  their  softened  condition,  at  the  time  the 
cranial  deformities  develop.  Consequently,  though  the  various  diameters 
of  the  cranial  cavity  may  be  altered,  the  capacity  of  the  skull  in  osteitis 
deformans  has  not  been  found  to  differ  from  that  of  the  normal. 

On  the  other  hand  the  freedom  from  compression  of  the  cranial 
nerves  in  almost  all  cases  is  more  difficult  to  understand.  Two  cases 
will  be  described  later  in  which,  however,  both  the  optic  and  ocular 
nerves  were  involved  (Cases  3  and  4). 

Osteitis  deformans  of  the  vertebrae  commonly  gives  rise  to  static 
deformities,  such  as  curvature,  rigidity  and  diminished  stature. 
Hurwitz  reports  cases  in  which  gradually  as  much  as  1^  to  13|  inches 
have  been  lost  in  height.  While  in  the  majority  of  patients  these  changes 
are  due  to  the  softened  condition  of  the  bones,  in  some  a  shrinkage  of 
the  fibrous  and  cartilaginous  attachments  of  the  vertebrae  has  appeared 
to  be  the  only  cause  present. 

The  curvature  is  usually  rounded  and  very  seldom  angular.  Devia- 
tions of  a  scoliotic  nature  are  relatively  infrequent.  Cases  have  been 
reported  in  which  the  spine  was  straight  and  yet  the  vertebrae  were 
extensively  affected. 

While  most  of  the  vertebrae  are  usually  affected  to  some  degree  in 
osteitis  deformans  of  the  spine,  it  is  not  uncommon  to  find  crushing  and 
obvious  deformity  limited  to  a  few  contiguous  vertebrae.  Or  the  body 
of  one  vertebra  may  be  much  reduced  in  depth  and  sometimes  displaced. 
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Lipping  of  the  lateral  edges  of  the  bodies  is  a  common  deformity  ; 
these  exostoses  sometimes  unite  over  the  intervertebral  discs.  Such 
bony  hyperplasia  is  often  extreme  and  may  produce  an  appearance  as 
if  candle  grease  had  trickled  down  the  sides  of  the  vertebrae.  The 
spinous  processes  are  usually  held  firmly  together  by  an  osteo-fibrotic 
ankylosis.  The  intervertebral  foramina  in  those  areas  of  the  spine  most 
markedly  affected  are  often  considerably  reduced  in  size  in  an  irregular 
manner  ;  it  is,  therefore,  the  more  remarkable  that  radiating  pains,  such 
as  could  be  attributed  to  compression  of  the  dorsal  roots,  are  infrequent. 

The  possible  deformities  produced  by  osteitis  deformans  of  the 
vertebrae,  as  they  affect  the  lumen  of  the  spinal  canal,  have  been 
practically  disregarded  in  the  literature  of  the  disease.  That  the  canal 
may  be  reduced  in  size  even  to  the  extent  of  compressing  the  spinal 
cord,  will  be  made  clear  by  the  descriptions  of  two  of  the  cases  which 
follow.  This  complication  must  be  rare,  as  no  reports  on  similar  cases 
have  come  to  my  notice  in  the  literature.  I  have  also  been  able  to  prove 
that  reduction  of  the  calibre  of  the  spinal  canal  and  irregularities  in 
its  walls  may  develop  in  osteitis  deformans  by  the  examination  of  the 
vertebral  column  of  a  cadaver. 

The  two  cases  of  compression  of  the  spinal  cord  which  occurred  in 
patients  suffering  from  osteitis  deformans  were  admitted  to  the 
National  Hospital,  Queen  Square,  one  under  the  care  of  Dr.  Gordon 
Holmes,  the  other  under  Dr.  Kinnier  Wilson,  to  whom  I  am  indebted 
for  permission  to  make  the  following  reports. 

Case  1. — J.  H.,  aged  55,  clerk,  was  admitted  November,  1922.  He  gave  no 
history  of  injury.  He  had  been  operated  upon  for  rectal  fistula  when  aged  45. 
He  had  contracted  gonorrhcea  twice  in  youth  ;  his  health  otherwise  had  been 
excellent,  and  he  had  led  an  active  life.  Both  his  parents  were  healthy  ;  he 
was  the  only  surviving  child,  one  other  infant  having  l)een  born  dead.  He 
himself  had  four  healthy  children,  while  two  others  died  in  infancy. 

In  September,  1921,  he  began  to  experience  a  sharp  lancinating  pain  in  the 
buttocks  when  walking.  He  also  noticed  that  his  feet  always  felt  cold,  although 
previously  he  had  been  troubled  with  hot  feet.  Shortly  afterwards  he  noticed  that 
the  inght  leg  was  becoming  weak,  and  later  the  left  leg  began  to  feel  stiff.  He 
found  he  could  walk  one  mile  only  without  the  aid  of  a  stick. 

Towards  the  end  of  1922  both  legs  became  much  weaker,  but  he  could  still 
"  shuffle  "  along  with  the  aid  of  two  sticks.  On  attempting  to  walk  he  had 
pain  like  sciatica  down  the  left  leg.  Six  months  previous  to  admission  he  had 
noticed,  while  having  a  hot  bath,  that  the  water  felt  cold  to  his  feet. 

Bladder  trouble,  in  the  form  of  straining  and  frequency  of  micturition,  had 
been  present  for  four  months.     The  bowels  were  constipated  and  rectal  control 
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was  defective  after  purj^es.  For  six  weeks  liefore  admission  he  had  '  muscle 
spasms  "  commencing  at  the  knees  and  spreadinf^  up  as  a  tight  feeling  to  the 
middle  of  the  abdomen.  There  was  no  definite  girdle  sensation.  The  spine  in 
the  lumbar  region  was  tender. 

On  admission  patient  was  of  a  stout,  plethoric  build  with  a  high  complexion. 
His  weight  was  13  st.  6  lb.  The  features  betrayed  no  deformity  of  the  facial 
bones.  The  skull  was  lai'ge  and  prominent,  and  bulged  over  both  ears,  with  a 
high  boss  over  the  forehead.  He  stated  that  "  a  hollow  across  the  top  of  the 
forehead  liad  become  replaced  by  a  lump."  Two  to  three  years  previously 
he  wore  size  6A  in  hats,  but  now  required  7^  size.  The  top  of  his  head  some- 
times ached  and  felt  hot.  Only  the  front  lower  teeth  remained ;  these  were 
in  proper  alignment,  and  did  not  show  signs  of  "  alveolite  expulsive,"  a 
condition  described  by  Leri  in  wliich  owing  to  the  maxillae  being  affected  the 
dental  alveoli  became  reduced  in  size  and  the  teeth  slowly  expelled.  His 
neck  was  short  and  thick  and  his  head  inclined  slightly  forwards.  In  the 
lower  cervical  and  upper  dorsal  region  the  curve  of  the  spine  was  more  rounded 
than  normal.  When  standing  the  patient  showed  a  distinct  stoop,  and  had 
difficulty  in  raising  the  head  to  look  upwards.  He  remarked  he  was  not  as 
tall  as  he  formerly  was.  The  left  tibia  in  its  lower  third  presented  a  hard  and 
painless  fusiform  swelling.  On  passive  manipulation  there  was  no  limitation  of 
movement  at  the  ankle-ioint.  There  was  no  external  evidence  of  deformity, 
other  than  in  those  parts  of  the  skeleton  already  mentioned. 

The  ocular  fundi  wei-e  normal,  no  lens  opacities  were  discovered  and  the 
visual  acuity  was  unimpaired.  The  functions  of  the  cranial  nerves  were 
unaffected. 

No  motor  or  sensory  disturbance  was  present  in  the  upper  extremities. 
On  the  trunk,  below  the  level  of  the  third  costal  cartilages  and  including  the 
lower  extremities,  there  was  an  impairment  of  moderate  degree  to  all  forms  of 
sensation,  and  immediately  above  the  upper  level  of  this  sensory  disturbance  a 
narrow  zone  of  hyperaesthesia.  The  action  of  the  intercostal  and  abdominal 
muscles  was  poor.  Both  legs  were  paretic,  the  right  being  weaker  than  the 
left.     No  muscular  wasting  was  observed. 

The  superficial  abdominal  reflexes  were  absent.  The  plantar  responses 
were  extensor  in  type.     The  deep  reflexes  of  the  lower  limbs  were  exaggerated. 

In  the  cardio-vascular  system  the  radial  arteries  were  moderately 
thickened  and  the  pulse  tension  raised.  The  temporal  vessels  were 
tortuous.  The  cardiac  dullness  was  increased  on  the  left  to  beyond  the 
nipple  line.  In  the  examination  of  the  other  systems  no  abnormality  was 
detected. 

Lumbar  puncture  was  unsuccessful.  Considei'able  difiieulty  was  met  with 
in  entering  the  spinal  canal,  as  the  needle  everywhere  encountered  bone,  the 
consistency  of  which  was  softer  than  that  of  the  normal.  Finally,  when  the 
point  of  the  needle  penetrated  the  theca  no  fluid  escaped.  Tlie  Wassermann 
reaction  of  the  blood  was  negative. 

On  radiographic  examination  the  bones  at  the  vertex  of  the  skull  showed 
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marked  thickening  and  mottling.  The  outline  of  the  outer  table  was  faint  and 
very  hazy  in  the  fronto-parietal  region.  That  of  the  inner  table  was  more 
dense  but  definitely  irregular  in  the  same  area.  The  outlines  of  the  occipital 
bone  were  smooth  but  showed  a  sinking  of  the  occipital  fossa  in  relation  to  the 
foramen  magnum.  At  the  base  the  bones  gave  the  appearance  of  a  flattened 
surface  similar  to  the  type  of  "  platybasie "  of  L6ri.  In  the  region  of  the 
mastoids  the  air  cells  appeared  enlarged  and  the  bone  rarefied.  The  sella 
turcica  was  unaltered  in  size,  but  the  sphenoidal  sinus  appeared  larger  than 
normal.  The  palatal  bone  appeared  to  have  been  tilted  slightly  downwards  and 
forwards. 

A  skiagram  of  the  upper  dorsal  spine  indicated  the  presence  of  lipping  of 
the  edges  of  the  vertebrae.  The  lower  half  of  the  left  tibia  showed  signs  of 
rarefaction  with  increased  thickness  of  the  outer  compact  layers,  especially  on 
their  mesial  aspect ;  the  bone  was  bowed  forwards,  thus  increasing  the  space 
between  the  tibia  and  the  fibula. 

In  this  case,  because  of  the  slowly  progressive  character  of  the  patient's 
disability  and  the  evidence  of  localized  compression  of  the  spinal  cord,  operative 
interference  was  decided  upon.  On  November  28,  1922,  Mr.  Percy  Sargent 
performed  a  laminectomy  of  the  second  to  the  fourth  dorsal  vertebral  arches. 
At  the  operation  the  bone  was  found  thickened  and  softened,  cutting  easily 
with  the  forceps.  The  perithecal  space  was  absent  and  the  inner  surfaces  of 
the  lamina?  lay  in  close  apposition  to  the  dura  mater.  Pulsation  of  the  dura 
was  at  first  very  feeble,  but  improved  as  the  decompression  was  effected. 

A  good  recovery  was  made  by  the  patient,  and  two  months  later  he  was 
discharged  able  to  walk  with  considerably  greater  ease  than  on  admission. 
The  sensory  disturbances  were  vmchanged  in  the  level  to  which  they  had  pre- 
viously attained,  but  were  greatly  diminished  in  degree.  Sphincter  control  was 
almost  completely  regained. 

A  piece  of  bone  removed  at  operation  showed  microscopical  changes 
typical  of  osteitis  deformans.  Rarefaction  was  observed  and  osteoclasts  were 
numex'ous,  in  many  cases  lying  against  and  eroding  the  bony  lamellae.  The 
latter  were  very  irregular  in  direction  and  in  places  outlined  by  a  row  of  osteo- 
blasts. A  highly  cellular  fibro-myxomatous  looking  substance  occupied  the 
spaces  between  the  lamellae. 

Case  2. — V.  C,  aged  63,  was  admitted  March,  1920.  His  previous  health 
and  family  history  revealed  no  points  of  importance.  No  history  of  venereal 
disease  was  obtained. 

When  49  years  of  age  he  began  to  suffer  with  sciatica  of  both  legs.  The 
neuritic  pains  were  associated  with  spasms  and  cramps  in  both  legs,  and  he 
had  some  difficulty  in  controlling  his  urine.  These  symptoms  disappeared 
within  a  period  of  two  years. 

At  the  age  of  61  he  underwent  an  operation  for  the  removal  of  haemorrhoids. 
A  short  time  previous  to  the  operation  he  had  observed  that  his  feet  often 
became  numb  and  blue.  Soon  after  the  operation  he  noticed  that  his  legs  were 
becoming  unsteady,  and  he  fell  down  on  several  occasions. 
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Within  the  space  of  a  year  lie  began  to  have  difficulty  in  raising  his  feet  off 
the  ground,  and  the  legs  felt  heavy.  He  also  began  to  experience  a  sensation 
like  tiiat  of  a  tight  band  round  the  upper  part  of  the  abdomen.  It  was  only 
on  being  medically  examined  that  he  discovered  that  he  had  lost  sensation  in 
his  legs.  Subjectively  there  was  some  numbness  in  the  feet  only.  He  did  not 
have  any  pain  in  the  limbs  and  the  spine  was  not  tender.  The  paralysis 
of  the  lower  extremities  rapidly  became  complete.  Bladder  trouble  was 
present  in  the  form  of  precipitant  micturition,  and  rectal  control  was  defective. 

On  admission  to  hospital  he  was  thin,  but  looked  younger  than  his  age. 
The  vertebral  colunm  was  very  rigid  and  showed  a  jjrominence  of  the  ninth 
dorsal  spinous  process,  but  no  angulation.  The  spinal  curves  were  not  ex- 
aggerated. No  other  skeletal  deformities  were  noticeable.  He  usually  lay  in 
bed  with  the  legs  drawn  up  and  flexed  at  the  knees.  The  arterial  system 
showed  marked  tortuosity  of  the  superficial  arteries  and  the  vessel  walls  were 
thickened. 

The  cranial  nerves  were  unaffected,  the  fundi  were  normal  and  no  signs  of 
cataract  were  present.  Sensory  disturbance  over  the  trunk  and  lower  limbs 
was  evidenced  by  an  almost  complete  loss  to  tactile,  painful  and  thermal 
stimuli  up  to  the  level  of  the  xiphoid  cartilage.  The  appreciation  of  vibration 
was  absent  below  the  level  of  the  seventh  dorsal  spine.  In  the  lower  limbs 
there  was  a  complete  loss  of  the  sense  of  position  in  si)ace. 

Paralysis  in  flexion  was  present  in  the  legs.  The  lower  intercostal 
muscles  did  not  act,  and  breathing  was  mainly  diaphragmatic.  Changes  in 
the  tendon  reflexes  consisted  of  exaggeration  of  the  ankle-jerks.  The  knee- 
jerks,  however,  were  difficult  to  obtain,  owing  to  the  degree  of  spasticity 
present.  The  plantars  were  extensor  in  type,  and  the  superficial  abdominal 
reflexes  were  absent. 

By  lumbar  puncture  a  very  small  quantity  only  of  cerebrospinal  fluid  was 
obtained,  which  was  yellow  and  immediately  coagulated  on  standing.  The 
possibility  of  Froin's  loculation  syndrome  occurring  in  osteitis  deformans  of 
the  vertebrae  has-been  mentioned  by  Greenfield,  who  cited  the  above  case  as  an 
example.  In  his  paper  the  microscopical  appearances  of  a  section  of  bone  from 
one  of  the  laminae  are  shown,  and  are  typical  of  those  present  in  this  disease. 

Skiagrams  of  the  upper  dorsal  region  of  the  spine  suggested  the  presence  of 
a  tumour  at  the  level  of  the  fourth  and  fifth  dorsal  vertebrae.  In  this  area  an 
irregular  swelling  appeared  to  project  from  the  lateral  aspect  of  the  spine. 

An  exploratory  laminectomy  was  performed  by  Mr.  Percy  Sargent.  No 
tumour  was  seen,  but  the  laminal  arches  were  found  to  be  definitely  thickened. 
Pulsation  of  the  cord  was  not  at  first  apparent,  and  did  not  appear  until  the 
laminectomy  was  extended  upwards  beyond  the  level  of  the  fourth  dorsal 
laminal  arch.  At  a  later  date  the  patient  died,  and  for  the  following  notes  on 
the  condition  of  the  spinal  column  seen  at  autopsy  I  am  indebted  to  Dr.  J.  G. 
Greenfield  :  "  At  the  level  of  decompression  the  vertebral  laminae  looked  rather 
thicker  than  usual  and  were  softer  in  cutting.  Below  this  level  the  thickening 
and  softening  of  the  laminae  became  progressively  more  marked,  so  that  in  the 
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lower  dorsal  and  upper  lumbar  regions  the  bone  could  be  picked  away  by  a 
dissecting  forceps.  The  tliickening  of  the  bone  caused  the  spinal  canal  to  be 
narrowed  so  that  the  dura  mater  was  everywhere  in  contact  with  the  bone. 
It  was  also  abnormally  adherent  to  the  bony  arches  all  the  way  round.  The 
cord  was  removed  and  appeared  normal.  At  the  lower  part  of  the  body  of  the 
eighth  dorsal  vertebra  a  small  nodule  projected  backwards  from  the  vertebral 
body,  and  a  smaller  nodule  of  a  similai-  character  was  present  on  the  body  of 
the  sixth  dorsal  vertebra.  There  was  a  depression  of  the  anterior  surface  of 
the  spine  at  the  lower  end  of  the  tenth  dorsal  vertebra,  as  though  the  eleventh 
vertebral  body  had  l^een  displaced  I:)ackwards.  The  body  of  this  vertebra  was 
reduced  in  depth.  Below  this  level  the  contour  of  the  lumbar  spine  was 
irregular.     There  was  no  evidence  of  thickening  or  bossing  of  the  skull." 

Both  of  these  cases  demonstrate  the  possibility  of  compression  of 
the  spinal  cord  as  a  result  of  the  bony  lesions  of  osteitis  deformans 
affecting  the  vertebrae.  The  manner  of  compression  is  evident.  Firstly, 
the  increased  thickness  of  the  softened  bones  is  not  only  productive  of 
deformities  on  the  external  surface  of  the  vertebrae  but  may  also  bring 
about  a  narrowing  of  the  lumen  of  the  vertebral  canal.  Secondly,  the 
presence  of  bony  excrescences  projecting  from  the  inner  surfaces  of 
the  bones,  as  were  found  at  autopsy  in  the  second  case,  suggests  an 
additional  element  in  the  production  of  compression.  Two  points  in 
favour  of  the  view  that  the  spinal  canal  is  reduced  in  size  in  such  cases 
are  afforded  by  the  absence  of  the  perithecal  space  and  of  the  normal 
pulsation  of  the  cord. 

In  both  my  cases  the  vertebral  column  was  undoubtedly  affected 
throughout  the  greater  part  of  its  length,  but  the  encroachment  on 
the  spinal  canal  was  not  uniform,  for  there  were  in  both  cases  symptoms 
attributable  to  local  compression  of  the  spinal  cord.  In  neither  case 
was  there  any  external  evidence  of  gross  deformity,  such  as  angulation 
or  marked  curvature,  and  spinal  tenderness  was  absent.  In  the  second 
case  the  bony  changes  typical  of  osteitis  deformans  appeared  to  be 
limited  to  the  vertebrae. 

By  the  kindness  of  Sir  Arthur  Keith,  an  opportunity  was  afforded, 
at  the  Boyal  College  of  Surgeons,  of  examining  the  vertebral  column  of 
a  cadaver,  in  which  the  skull,  facial  bones,  spinal  column  and  many 
other  bones  of  the  body  were  extensively  affected  by  osteitis  deformans. 
Unfortunately  with  this  specimen  no  clinical  history  was  available. 

The  spinal  column  presented  a  moderate  curvature  of  the  dorsal 
vertebrae,  with  the  convexity  directed  backwards,  the  lower  dorsal 
vertebrae  being  the  most  prominent.  From  the  second  dorsal  vertebra 
downwards    a    condition    of    osteo-tibrotic    ankylosis    of   the    spinous 
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processes  was  present.  In  a  macerated  portion  of  the  spine  there  was 
some  lipping  of  the  lateral  edges  of  the  bodies  of  the  eighth,  ninth  and 
tenth  dorsal  vertebrae.  Laterally  the  bodies  of  the  ninth  and  tenth 
were  almost  fused  over  the  intervertebral  disc  by  this  process.  The 
intervertebral  foramina  were  very  unequal  in  size  and  many  appeared 
to  have  been   narrowed. 

The  spine  was  cut  across  at  several  levels.  Alterations  in  the 
structure  of  the  bone  were  most  noticeable  in  the  ninth  and  tenth  dorsal 
vertebrfp.  The  lumen  of  the  spinal  canal  appeared  distinctly  small  in 
comparison  to  the  size  of  the  vertebrae,  especially  in  the  lower  dorsal 
region,  the  reduction  in  the  dimensions  of  the  canal  being  chiefly  at  the 
expense  of  its  antero-posterior  diameter.  This  diameter  measured 
12  mm.  at  the  level  of  the  ninth  dorsal  verebra.  For  contrast  the  antero- 
posterior diameter  of  the  vertebral  foramen  was  measured  in  the  ninth 
dorsal  vertebra  from  five  normal  adult  skeletons  and  found  to  vary  from 
15'5  to  18  mm.  While  the  transverse  diameter  of  the  canal  in  the 
diseased  vertebra  was  18  mm.,  this  measurement  varied  from  15  to  18 
mm.  in  the  five  normal  vertebrae  examined. 

Inspection  of  the  lumen  of  the  canal  formed  by  several  normal 
vertebrae  retaining  their  attachments  to  one  another,  showed  throughout 
an  evenly  smooth  surface.  In  the  diseased  spine,  however,  the  inner 
surface  both  of  the  bodies  and  of  the  laminal  arches  was  decidedly 
uneven.  The  greatest  encroachment  upon  the  canal  was  in  the  region 
of  the  laminal  arches,  due  to  the  bulging  inwards  of  their  thickened 
superior  articular  processes. 

The  reduced  size  of  the  canal,  its  irregularity,  and  the  lipping  of 
the  edges  of  the  vertebral  bodies,  are  well  shown  by  the  accompanying 
illustrations  (figs.  1,  2  and  3). 

Among  the  uncommon  cases  of  osteitis  deformans  of  the  vertebrae, 
in  which  the  presence  of  lesions  of  the  spinal  cord  have  been  discovered, 
may  be  mentioned  that  of  Marie  and  Leri.  In  this  case  a  syringo- 
myelic cavity  was  found  to  extend  from  the  first  cervical  to  the  second 
dorsal  segment  of  the  cord.  Subjectively  the  patient  had  complained  of 
vertigo,  and  pains  in  the  back  and  hips.  Sensation,  however,  was 
stated  by  the  authors  not  to  have  been  grossly  affected. 

Gilles  de  la  Tourette  and  Marinesco  have  reported  the  case  of  a  man 
of  49,  in  which  the  skeletal  tissues  were  widely  affected,  including  the 
small  as  well  as  the  large  bones.  During  life  the  reflexes,  the  control 
of  the  sphincters  and  sensation  were  normal.  Macroscopic  and  micro- 
scopic examination  of  the  spinal  cord  revealed   the  presence   of  certain 
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Fig.  2.  Fig.  1. 

In  fig.  1  the  lower  half  of  the  ninth  dorsal  vertehra  of  a  case  of  osteitis  deformans  is 
shown.  Rarefaction  of  the  body  with  increase  in  size  of  the  spaces  between  the  lamellfp  is 
conspicuous.  In  fig.  2  is  seen  a  normal  ninth  dorsal  vertebra  for  comparison.  The 
difference  in  the  lumen  of  the  spinal  canal  of  the  two  vertebne  is  very  obvious. 


Fig.  3.— Skiagram  of  bone  seen  in  fig.  1,  showing  rarefaction. 
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changes  in  the  posterior  columns  and  in  the  posterior  part  of  the  lateral 
columns,  chiefly  in  the  dorsal  region  of  the  cord.  The  cervical  cord  was 
not  examined.  These  changes,  slight  in  degree,  consisted  of  an  unevenly 
distributed  rarefaction  of  the  myelinated  nerve  fibres  and  of  an  increase 
in  glial  tissue.  The  anterior  and  posterior  nerve  roots  appeared  to  be 
normal.  It  was  suggested  by  the  authors  that  the  alterations  in  the 
bones  were  possibly  of  a  trophic  character,  occurring  secondarily  to  the 
changes  in  the  cord  itself,  rather  than  the  reverse.  Several  other  cases 
have  been  described  in  which  changes  were  found  in  the  cord  similar  in 
nature  to  those  mentioned  in  the  above  case.  It  is  possible  that  such 
lesions  represent  the  earliest  effects  of  compression,  before  the  gradual 
narrowing  of  the  vertebral  canal  is  sufficiently  advanced  to  produce 
clinical  signs  of  compression  of  the  cord. 

In  the  next  two  cases  atrophy  of  the  optic  nerves  was  present  in 
patients  in  whom  the  skull  was  affected  by  osteitis  deformans.  In  both 
diplopia  also  occurred,  indicating  most  probably  an  injury  of  one  or 
more  of  the  ocular  nerves.  Several  of  the  long  bones  were  involved  in 
one  of  these  cases,  and  the  vertebral  column  in  the  other. 

Case  3. — K.  H.,  female,  aged  61,  was  admitted  December,  1922,  under 
the  care  of  Dr.  Gordon  Holmes.  She  had  undergone  an  operation  for  polypus 
of  the  uterus  at  the  age  of  55.  Her  health  otherwise  had  always  been  good, 
and  both  her  parents  had  been  liealthy.  She  herself  was  married,  but  had  had 
no  children  and  no  miscarriages. 

At  the  age  of  53  diplopia  developed  suddenly.  The  resulting  visual  con- 
fusion was  sufficient  to  cause  her  to  fall  down  on  several  occasions.  Within 
a  period  of  six  months  the  diplopia  disappeared.  She  had  no  headaches  during 
that  time.  When  about  55  years  of  age  she  began  to  suffer  from  "  rheumatism 
or  neuritis"  in  the  right  upjser  arm.  These  pains  ceased  at  the  age  of  60. 
At  this  time,  however,  she  noticed  that  the  right  humerus  bulged  forwards  at 
its  upper  half.  There  never  was  any  stiffness  or  limitation  of  movement  at 
the  shoulder-joint.  At  the  age  of  60  the  sight  of  her  right  eye  began  to  fail. 
She  consulted  Mr.  Leslie  Paton,  who  discovered  signs  of  atrophy  of  both  optic 
ners'es.  During  the  four  months  before  admission  the  impairment  of  vision  in 
the  right  eye  increased  rapidly. 

The  skull  was  large  and  appeared  swollen  and  protuberant  above  the  ears 
on  either  side.  This  bulging  was  more  noticeable  upon  tlie  right  than  the  left 
side.  The  shaft  of  the  right  humerus  was  thickened  and  curved  forwards  in 
its  upper  half.  At  the  right  knee-joint  the  condyles  of  the  femur  appeared 
enlarged  and  measured  more  in  diameter  than  those  on  the  left  side.  She 
remembered  an  injur>'  having  occurred  to  the  right  knee-joint  several  years 
previously. 

A  lateral  skiagram   of  the  skull  showed  diffuse  thickening  of  the  frontal 
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bone  and  an  iiregular  uneven  thickening  of  the  other  bones  of  the  vertex.  The 
bones  at  the  base  gave  the  appearance  of  having  been  pressed  upwards  in  the 
region  of  the  base  of  the  sphenoid,  conforming  to  the  type  of  "  convexobasie  " 
of  Leri.  The  dimensions  of  the  pituitary  fossa  appeared  to  be  noi'mal.  An 
antero-posterior  skiagram  showed  well  the  extent  of  the  bulging  in  the  parieto- 
temporal regions. 

The  shaft  of  the  right  humerus  was  thickened  and  mottled  in  appearance, 
especially  in  its  upper  half,  and  there  was  rarefaction  of  the  bone  surrounding 
the  glenoid  cavity.  Thickening  and  rarefaction  were  apparent  of  the  lower  end 
of  the  right  femur,  including  the  condyles. 


Fig.  4. — Visual  field  of  right  eye  to  a  10-mm.  white  object,  showing  central  and  para- 
central scotomata.  Colour  vision  retained  at  fixation  point  only.  Central  vision  clear, 
peripheral  vision  indistinct. 


Nervous  system. — The  visual  acuity  was  j^  in  each  eye.  On  ophthalmo- 
scopic inspection  the  right  optic  disc  was  found  to  be  pale  all  over,  with  a 
greater  degree  of  pallor  in  the  temporal  than  in  the  nasal  half.  The  lamina 
cribrosa  was  visible.  In  the  left  disc  there  was  pallor  of  the  temporal  half 
only.     The  edges  of  both  discs  were  clear  and  the  vessels  of  good  size. 

In  the  right  visual  field  there  was   a  large  irregular  scotoma  which  pruc- 


348  ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

tically  surrounded  the  tixation  point,  and  a  partial  scotoma  nearer  the  periphery 
in  tlie  inferior  and  nasal  areas.  Some  constriction  of  the  field  was  present, 
most  marked  in  the  two  upper  quadrants.  The  left  visual  field  was  full,  and 
no  evidence  of  scotomata  was  discovered. 

The  reactions  of  the  pupils  were  normal.  Hearing  was  considerably 
impaired  in  the  right  ear,  conduction  by  bone  being  better  than  by  air.  In  the 
left  ear  hearing,  as  tested  by  ordinary  methods,  was  not  affected.  No  other 
abnormalities  of  the  cranial  nerves  were  discovered.  The  Wassermann  reaction 
of  the  blood  and  cerebrospinal  fluid  was  negative,  the  cytology  and  protein 
content  of  the  latter  being  also  normal. 

Case  4. — N.  N.,  female,  aged  52,  was  admitted  September,  1923,  under  the 
care  of  Dr.  Gordon  Holmes.  She  had  always  been  delicate.  She  liad  two 
children  living,  both  in  good  health,  while  a  third  pregnancy  had  resulted  in  a 
"  freak.' 

About  four  years  previous  to  admission  slie  suddenly  developed  double 
vision.  This  persisted  for  three  months,  and  since  had  recurred  for  short 
periods.  Soon  after  the  onset  of  diplopia  her  sight  began  to  fail  gradually. 
Lately  the  visual  impairment  progressed  more  rapidly.  She  also  became 
increasingly  deaf  in  the  last  four  years.  Her  height  had  gradually  diminished 
by  as  much  as  6  inches.  It  was  noticed  by  her  relatives  that  her  head  had 
become  larger,  and  that  her  features  had  altered  considerably  in  the  last  three 
years.  These  deformities  passed  unobserved  by  the  patient  until  her  attention 
was  called  to  them.  She  was  troubled  with  pains  at  the  back  of  the  head,  and 
sometimes  with  a  hot  feeling  over  the  vertex.  For  three  months  before 
admission  she  complained  of  pain  at  the  bottom  of  the  spine,  and  for  some 
weeks  of  acliing  and  stiffness  of  the  right  side  of  the  jaw. 

She  was  a  short  flabby  looking  woman  with  a  slight  stoop,  and  a  large 
broad  head  sunk  upon  the  shoulders,  the  chin  almost  reaching  the  upper  end 
of  the  sternum.  The  lower  limbs  were  separated  unnaturally,  rotated 
outwards  and  slightly  bowed  below  the  knee,  with  the  feet  turned  out.  The 
chest  was  narrow  and  the  lower  costal  margins  w-ere  almost  in  contact  with  the 
iliac  crests. 

The  skull  was  broad  and  flat,  and  bulged  at  the  sides  so  that  the  ears  were 
tilted  outwards  ;  these  were  also  turned  slightly  forwards  by  the  enlarged 
mastoid  processes.  The  back  of  the  head  was  flattened,  while  the  occipital 
protuberance  was  enlarged  and  lay  at  a  much  lower  level  than  normal.  The 
forehead  was  broad,  low  and  slightly  bossed  upon  the  right  side.  In  circum- 
ference the  skull  measured  23f  inches  (60  cm.).  Both  eyes  were  prominent, 
the  nose  sunken  and  the  lower  jaw  prognathous,  giving  the  features  a  somewhat 
froglike  expression.  Some  fulness  was  present  in  the  region  of  both  temporo- 
maxillary  joints,  and  the  movements  of  the  jaw  were  restricted  and  stiff.  The 
gums  were  edentulous.  The  hard  palate  sloped  upwards  and  backwards  from 
its  anterior  end.  There  was  considerable  rigidity  of  the  spine,  and  the  patient 
had  great  difiBculty  in  raising  the  head  to  look  upwards.     Beyond  some  stiffness 
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at  the  hip-joints,  the  movements  of  the  limhs  were  unrestricted,  and  no 
thickening  of  the  long  or  small  bones  of  the  extremities  was  observed. 

A  lateral  skiagram  of  the  skull  showed  that  the  bones  of  the  vault  were 
thickened  everywhere,  but  particularly  in  the  occipital  and  posterior  parietal 
region.  The  outline  of  their  external  surfaces  was  vague  and  extremely 
irregular,  while  that  of  the  internal  surfaces  was  more  definite,  The  frontal 
bone  overhung  the  bones  of  the  face,  which  were  retracted  with  the  exception 
of  the  prominent  lower  jaw.  Posteriorly  the  most  dependent  part  of  the 
occipital  bone  was  at  a  decidedh'  lower  level  than  the  foramen  magnum,  and 
the  outline  of  the  occipital  fossa  was  angular  in  place  of  being  curved.  The 
bones  in  the  region  of  the  foramen  magnum  had  the  appearance  of  having 
been  pressed  upwards  into  the  cranial  cavity.  The  pituitary  fossa  was  shallow, 
and  the  outline  of  the  clinoid  processes  very  blurred.  A  skiagram  of  the 
lumbar  spine  showed  marked  rarefaction  of  bone.  Rarefaction  was  also 
observed  in  the  region  of  the  right  hip-joint. 

Nervous  system. — The  visual  acuity  of  the  right  eye  was  ^,  and  of  the 
left  o".  Inspection  of  the  fundi  revealed  pallor  of  the  temporal  halves  of  both 
discs,  of  slight  degree  in  the  right  eye,  more  marked  in  the  left.  The  edges  of 
the  nasal  halves  of  the  discs  were  a  little  hazy.  The  calibre  of  the  vessels  in 
both  fundi  was  good,  and  no  retinal  changes  were  observed.  No  opacity  of  the 
lenses  was  pi'esent. 

The  right  visual  field  showed  considerable  concentric  diminution,  wliile  in 
the  left  field  there  was  marked  restriction  of  the  temporal  half,  with  moderate 
diminution  on  the  nasal  side.  No  evidence  of  scotomata,  either  partial  or 
complete,  was  discovered.  The  fields  of  colour  vision  were  markedly 
constricted. 

The  pupils  were  e(iual  in  size,  circular,  and  their  reactions  brisk.  The 
right  external  rectus  and  superior  oblique  muscles  were  completely  paralysed, 
but  diplopia  was  not  present  at  the  time  of  examination.  Hearing  was  greatly 
impaired  in  both  ears,  the  defect  being  of  the  middle-ear  type.  No  other 
abnormality  of  the  cranial  nerves  was  present  and  the  reflexes,  sensory  and 
motor  systems,  were  normal.  The  mental  state  of  the  patient  was  rather 
feeble  and  her  memory  was  much  impaired.  The  Wassermann  reaction  of  the 
blood  was  negative. 

It  appears  permissible,  by  a  process  of  exclusion,  to  assume  that  in 
these  two  cases  of  osteitis  deformans  the  atrophy  of  the  optic  nerves 
resulted  from  their  compression  within  the  optic  foramina.  The  state 
of  the  pupil  reactions  and  the  absence  of  any  clinical  sign  of  tabes 
dorsalis,  in  conjunction  with  the  negative  result  of  the  Wassermann 
tests,  were  evidence  against  the  condition  being  of  luetic  origin.  The 
possibility  of  sinus  infection  could  be  set  aside  by  the  examination  of 
the  skiagrams  of  the  skulls.  The  clinical  histories  failed  to  suggest  the 
existence  of  any  other  possible  cause  of  optic  atrophy,  whether  toxic. 
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infective  or  familial.  Ophthalniologically  the  cases  are  of  interest,  for, 
as  far  as  can  be  ascertained,  osteitis  deformans  has  not  been  previously 
included  among  the  possible  causes  of  optic  atrophy. 

By  permission,  an  examination  was  made  in  the  Museum  of  the 
Koyal  College  of  Surgeons,  of  two  skeletons  in  which  the  skulls  were 
affected  by  this  disease.  The  optic  foramina  appeared  to  be  reduced 
in  size.  In  several  normal  skulls,  a  probe,  roughly  5  mm.  in  diameter, 
could  be  passed  with  ease  through  the  optic  foramina,  whereas  in 
one  of  the  affected  skulls  it  became  engaged  in  the  walls  of  both  fora- 
mina. In  the  other  skull  only  one  foramen  could  be  penetrated  by  the 
probe.  The  capacity  of  the  eye  sockets  was  considerably  reduced. 
This  may  explain  the  prominence  of  the  eyes  which  is  present  in  some 
cases  of  I'aget's  disease  of  the  skull. 

Ocular  complications,  however,  are  not  uncommon  in  osteitis 
deformans.  Paget  himself,  after  an  examination  of  twenty-three  cases, 
reported  that  four  had  become  blind  ;  retinal  haemorrhages  had  occurred 
in  three  of  these,  and  choroiditis  was  the  cause  of  blindness  in  the 
fourth.  The  recurrence  of  retinal  haemorrhages  has  since  been 
mentioned  by  numerous  observers.  These  vascular  lesions  are  more 
probably  due  to  arterio-sclerosis,  which  is  so  commonly  present  in  the 
subjects  of  this  disease,  than  to  vascular  compression. 

Coppez  has  reported  four  cases  in  which  degenerative  changes  were 
present  in  the  retinae,  in  the  macular  and  para-macular  areas.  In  none 
of  these  cases  could  syphilis  be  held  responsible  for  the  disease  in  the 
fundi.  Three  cases  described  by  Vergne  all  showed  well-marked 
choroido-retinitis.  In  a  case  reported  by  Watson  "high  myopia  with 
a  large  posterior  staphyloma  and  extensive  choroidal  changes  in  each 
eye '"  were  present.  Numerous  authors,  such  as  Hurwitz,  Vergne, 
Coppez  and  Vincent,  have  noted  the  presence  of  crystalline  opacities  in 
the  lenses. 

Paresis  of  ocular  muscles  has  occasionally  been  observed  in  osteitis 
deformans  of  the  skull.  Diplopia  developed  in  one  of  the  cases  described 
by  Coppez,  and  had  been  present  temporarily  in  the  last  two  cases 
reported  in  this  paper. 

Deafness  as  a  complication  of  this  disease  is  fairly  common.  This 
may  be  due  to  compression  of  the  auditory  nerve,  or,  as  was  more 
probable  in  Case  4,  to  alterations  in  the  bones,  leading  to  disturbances 
in  the  sound-conducting  apparatus. 
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Notices  of  Recent  Publications. 

Lehrhuch  dcr  Nervenkrankheiten.  Von  H.  Oppenheim.  7te  wesent- 
lich  vermehrte  und  verbesserte  Auflage.  Zweiter  Band.  S.1389, 
mit  275  Abbildungen  im  Text  und  9  Tafeln.  Berlin:  S.  Karger. 
1923. 

The  first  volume  of  the  new  edition  of  Oppenheim's  textbook  on  nervous 
diseases,  which  is  now  edited  by  Cassirer,  Goldstein,  Nonne  and  Pfeifer,  was 
noticed  in  a  recent  number  of  this  Journal.  The  second  volume,  which  has 
recently  appeared,  has  received  even  more  additions,  and  though  Oppenheim's 
original  plan  has  been,  wherever  it  was  possible  to  do  so,  adhered  to,  there  are 
many  changes,  and  all  of  them,  as  far  as  can  be  seen  on  looking  through  the 
book,  tend  to  improvement  and  completeness.  There  is  a  new  section  devoted 
to  diseases  of  the  basal  ganglia,  in  which  paralysis  agitans,  pseudosclerosis, 
Wilsons  disease,  double  athetosis  and  chronic  progressive  chorea  are  included. 
The  still  indeterminate  pathology  of  these  conditions  is  carefully  and  on  the 
whole  fairly  reviewed.  The  other  chapters  that  have  undergone  most  modifi- 
cation are  those  on  the  diseases  of  the  fore-brain,  in  which  epidemic  encepha- 
litis is  now  included  ;  that  on  the  neuroses,  in  which  the  recent  work  on  the 
nature  and  origin  of  hysteria  receives  adequate  attention,  and  that  on  the 
angio-  and  tropho-neuroses. 

The  type  and  the  reproduction  of  the  illustrations  are  excellent,  the  editing 
seems  to  be  extremely  efficient,  and  the  very  complete  index  at  the  end  of  the 
volume  increases  its  value  as  a  book  of  reference,  and  makes  it  almost  indis- 
pensable to  all  workers  in  clinical  neurology. 

Miners'  Nystagmus.  First  and  Second  Reports  of  the  Medical  Research 
Council  Committee.  London :  H.M.  Stationery  Office.  1922  and 
1923. 

These  reports  include  a  summary  of  the  primary  conclusions  of  the  Com- 
mittee, a  general  report  on  miners'  nystagmus,  a  report  on  the  psychoneurotic 
symptoms  associated  with  it,  and  sections  on  the  incapacity  resulting  from  the 
affection,  and  on  the  importance  of  errors  of  refraction  in  its  pathogenesis. 

The  chief  conclusion  to  which  the  Committee  has  come  is  that  deficient 
illumination,  due  to  the  low  illuminating  power  of  the  safety  lamps  and  the 
great  absorption  of  light  by  the  coal,  is  the  essential  factor  in  the  production  of 
miners'  nystagmus,  They  regard  all  other  reputed  factors  as  of  little  or  no 
importance  ;  they  fail,  for  instance,  to  find  any  evidence  that  errors  of  refrac- 
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tion  have  an  influence  upon  the  disease.  Their  conclusions  that  the  common 
belief  among  miners  that  there  may  be  permanent  damage  to  vision,  or  even 
total  loss  of  sight  if  underground  work  is  continued,  is  baseless,  is  obviously  of 
gi'eat  economic  as  well  as  of  medical  importance. 

The  section  on  tlie  psychoneurotic  symptoms  of  the  disease  suffers  from  the 
obvious  lack  of  personal  experience  of  the  writer  with  the  conditions  he  dis- 
cusses and  attempts  to  analyse. 

Le  Cerveau  et  la  Pensee.  Par  Henri  Pieron.  Pp.  iv,  328.  Paris  : 
Felix  Alcan.     1923.     Price  10  fr. 

More  than  one  volume  with  a  similar  title  and  a  more  or  less  identical 
object  to  the  book  under  review  has  appeared  in  the  past,  but  to-day  when  our 
knowledge  of  the  structure  and  functions  of  the  nervous  system  is  increasing 
rapidly,  and  in  a  period  when  psychology  has  become  more  objective  and 
biological  in  its  methods  and  has  consequently  thrown  new  light  on  the  mode 
of  working  of  the  mind,  the  considered  views  of  the  Director  of  the  Laboratory 
of  Physiological  Psychology  at  the  Sorbonne  cannot  fail  to  be  of  interest. 

This  book,  w^hich  belongs  to  "  La  Nouvelle  Collection  Scientifique,"  has 
been  written  for  the  layman  rather  than  the  specialist,  but  even  the  latter  will 
find  in  it  much  of  interest  and  instruction.  The  main  thesis  of  the  author  is 
that  before  we  attempt  to  mterpret  the  functions  of  the  brain  in  their  relation 
to  the  functions  of  the  mind,  it  is  essential  to  understand  the  main  principles 
at  least  of  the  physiology  of  the  elementary  nervous  mechanisms  ;  and  that 
it  is  only  when  psychology  approaches  its  problems  from  the  point  of  view  of 
the  biological  sciences,  and  especially  of  physiology,  that  it  can  attempt  to 
solve  or  understand  the  nature  of  the  mind. 

Diagnostic  et  Traitenient  des  Sciatiques.  Par  H.  Koger  et  G.  Ayems. 
Pp.  164,  avec  15  figures.  Paris:  Maloine  et  Fils.  1923.  Price 
8  fr. 

This  small  book  deals  concisely  but  clearly  with  one  of  the  commonest  of 
nervous  affections.  The  most  interesting  and  valuable  chapters  are  those  in 
which  the  clinical  features  of  true  sciatica  are  contrasted  with  those  of  the 
"  false  sciaticas  "  where  the  pain  does  not  arise  from  an  affection  of  the  nerve 
itself ;  with  the  symptomatic  sciaticas,  the  term  which  the  authors  apply  to 
painful  affections  of  infective  or  toxic  origin  ;  and  with  the  pains  of  sciatic 
distribution  due  to  compression  or  other  gross  disease  of  the  sensory  roots  or 
of  the  nerve. 

A  large  part  of  the  book  is  devoted  to  the  treatment  of  the  different  forms 
of  sciatica,  and  in  this  section  even  the  most  experienced  clinician  may  find 
valuable  hints. 


Writers  of  "Original  Articles  and  Clinical  Cases"  are  supplied  free  of  charge 
with  50  copies  reprinted  in  the  form  in  which  the  paper  stands  in  the  pages  of 
"Brain."  If  reprints  are  required  in  pamphlet  form,  with  wrapper,  title-page, 
&c.,  and  re-numbered  pages,  they  must  be  ordered,  at  the  expense  of  the  writers, 
from  Messrs.  BALE,  SONS  &  DANIELSSON,  Ltd.,  83-91,  Great  Titchfield  Street, 
London,  W. 

Members  of  the  Neurological  Section  of  the  Royal  Society  of  Medicine  can 
obtain  the  Index  of  "Brain"  for  the  Volumes  I  to  XXIII  inclusive,  that  is,  from 
its  commencement  to  the  end  of  1900,  from  Messrs.  MACMILLAN  &  CO.,  Ltd., 
St.  Martin's  Street,  London,  W.C.,  at  the  price  of  6s.  6d.,  post  free. 

To  those  who  are  not  members  of  the  Neurological  Section  of  the  Royal 
Society  of  Medicine  the  price  is  8s.  6d.  net,  and  the  volume  may  be  obtained 
through   any  bookseller. 
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This  work  formed  the  basis  of  the  Cavendish  Lecture  dehvered 
before  the  West  London  Medico-Chirurgical  Society  on  June  2'2,  1923. 
It  contains  a  preliminary  statement  of  the  results  to  which  I  have 
arrived  on  the  question  of  speech  and  cerebral  localization.  1  hope  to 
deal  with  the  history,  the  clinical  phenomena,  and  the  anatomical 
data  of  aphasia  more  fully  in  book  form,  and  have  therefore  ventured 
to  omit  all  reference  to  the  voluminous  literature  which  has  grown  up 
around  the  subject.  Nor  have  I  referred  to  the  valuable  summaries  of 
clinical  reports  contained  in  the  book  by  Moutier  [10]  or  in  the  ihree 
volumes  compiled  by  Henschen  [7].  I  hope,  however,  later  to  collate 
my  results  with  those  of  my  predecessors. 

Chapter  I. — What  is  meant  by  Localization  of  Function? 

No  one  doubts  that  speech  in  its  highest  forms  can  be  disturbed  by 
destruction  of  the  tissues  of  the  brain,  or  that  the  manifestations  differ 
according  to  the  situation  of  the  lesion.  These  crude  facts  have  been 
habitually  cited  to  prove  the  existence  of  "centres"  for  the  various 
aspects  of  speech  and  an  enormous  literature  has  grown  up  around 
their  supposed  anatomical  localization.  But  before  it  is  possible  to  talk 
of  "centres"  for  speech,  we  must  first  determine  the  nature  of  the 
functions  that  we  believe  to  be  "  localized  "  in  these  particular  areas 
of  the  brain,  and  consider  what  we  understand  by  this  expression. 

Now  the  views  as  to  the  nature  of  these  "  centres  "  vary  profoundly. 
According  to  a  prevalent  conception  they  consist  of  specially  restricted 
depositions  of  cells  which  initiate  and  carry  out  those  motor,  auditory, 
or  visual  activities  of  which  speech  in  its  widest  sense  is  composed. 
The  surface  of  the  brain  is  thought  to  be  starred  with  a  number  of 
minute  areas,  each  of  which  is  responsible  for  initiating  a  specific  act 
of  motion  or  sensation  ;  these  are  combined  synthetically  to  form 
groups  of  functions  of  varying  complexity.  Each  such  "  centre  "  has 
a  definite  position  and  function;  like  the  push  of  an  electric  bell,  it  is 
fixed  at  one  spot  and  produces  a  constant  and  predetermined  effect. 

§  1. — "  Motor  Centres  "  and  Excitation  of  the  Cortex. 

These  mechanical  ideas  were  based  mainly  on  the  results  of  elec- 
trical excitation  of  the  cortex,  particularly  over  the  "  motor  "  area.  But 
they  no  longer  appeal  to  more  thoughtful  experimenters,  and  the  work 
of  Sherrington  and  his  colleagues  on  the  anthropoid  apes  has  shown 
how  little  such  an  interpretation  is  justified,  even  by  the  positive  effects 
of  stimulation.     For  the  response  from  any  one  cortical  point  is  not 
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constant ;  it  varies  both  in  the  nature  ol  the  uioveuient  evoked  and  in 
the  part  of  the  body  thrown  into  action.  The  reaction  depends  not 
only  on  the  site  of  excitation,  but  on  the  character  of  the  events  by 
which  it  has  been  preceded. 

Successive  stimulations  of  one  and  the  same  spot  at  short  intervals 
of  time  usually  produce  definite  facilitation  and  an  increase  in  the 
amplitude  of  the  response.  Sometimes,  however,  the  nature  of  the 
reaction  changes ;  thus,  a  point,  which  began  by  yielding  primary 
extension,  may  come  to  yield  flexion  in  the  latter  part  of  a  series  of 
stimuli.  This  reversal,  when  it  occurs,  may  appear  slowly  or,  in  some 
cases,  develop  with  great  rapidity  ;  it  may  consist  only  of  relaxation  of 
the  muscle,  which  was  originally  thrown  into  contraction  from  the 
particular  cortical  points  ;  or  there  may  be  simultaneous  contraction 
of  its  antagonist,  previously  the  site  of  inhibition.  (Graham  Brown 
and  Sherrington  ['2],  p.  254.)  Repeated  or  strong  excitation  of  a 
flexor  point  often  temporarily  diminishes  or  suppresses  the  subsequent 
response  of  an  extensor  point ;  a  similar  increased  resistance  to  flexion 
can  also  be  produced,  though  less  easily,  from  an  extensor  point.  Even 
stimulation  applied  to  the  afferent  fibres  of  a  peripheral  nerve,  such  as 
the  ulnar,  may  have  a  profound  effect  upon  the  nature  of  the  response 
subsequently  obtained  from  a  definite  cortical  area. 

Graham  Brown  and  Sherrington  (p.  277)  sum  up  as  follows : 
"  What  we  desire  to  stress  in  regard  to  the  reaction  of  the  cortical 
point  on  the  antagonistic  muscle-pair  is  the  influence  of  shortly  pre- 
current  excitations,  both  of  itself  and  of  other  points,  and  of  afferent 
channels.  And  in  this  respect  the  functional  instability  of  some  cortical 
points  seems  to  be  greater  than  those  of  others.  The  instability  is 
great  enough  to  be  easily  demonstrable  under  narcosis  as  in  our  experi- 
ments. It  may  well  be  even  greater  in  normal  conditions  without 
narcosis.  Indeed,  the  frequency  of  reversal  as  a  phenomenon  attaching 
to  the  reactions  of  points  in  the  motor  cortex  suggests  that  one  of  the 
functions  of  the  cortex  may  be  performance  of  reversals,  and  that  the 
greater  predominance  of  reversal  under  cortical  than  in  purely  spinal 
or  decerebrate  reflexes  is  because  reversal  is  one  of  the  specific  ofiaces  of 
the  cortex  cerebri." 

These  ideas  were  developed  still  further  in  the  remarkable  paper  of 
Sherrington  and  Leyton,  published  in  1917.  Cortical  motor  points  are 
functionally  unstable  and,  during  systematic  exploration,  three  pheno- 
mena are  liable  to  appear,  all  closely  akin,  "  facilitation,"  "  reversal  "  and 
"  deviation  "  of  response.     For  example,  the  whole  anterior  border  of  the 
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motor  field  can  be  made  to  extend  further  forward  by  facilitation,  and 
the  area  from  which  some  particular  movement  can  be  obtained  may  be 
considerably  enlarged.  On  the  other  hand,  the  nature  of  the  response 
can  be  reversed  either  by  repeated  excitation  of  the  same  point,  or  by  a 
previous  stimulus  applied  to  some  part,  which  normally  yields  an  oppo- 
site reaction.  Deviation  was  exemplified  by  the  following  experiment, 
which  I  quote  verbatim  (p.  141)  : — 

"  The  examination  of  the  motor  area  had  in  this  experiment  been 
begun  at  the  top  limit  of  the  arm  area  in  shoulder  region,  and  proceeded 
systematically  from  point  to  point  in  the  downward  direction.  Followed 
in  this  manner  elbow  fiexion  soon  became  the  leading  (primary)  move- 
ment, and  continued  so  very  nearly  or  even  quite  down  to  the  inferior 
genu  of  sulcus  centralis.  Beyond  a  certain  point,  which  was  minutely 
and  precisely  marked  on  the  map  made,  elbow  fiexion  disappeared 
abruptly,  and  facial  movements  appeared  in  the  form  of  closure  of 
opposite  eyelids.  The  lower  margin  of  arm  area  having  thus  evidently 
been  reached,  we  turned  to  the  delimitation  of  the  face  area.  The 
examination  of  this  area  we  started  at  the  lower  (Sylvian)  end  of  sulcus 
centralis,  and  thence  proceeded  point  by  point  upward  along  the  pre- 
■central  gyrus  not  far  in  front  of  sulcus  centralis.  In  due  course  the 
point  yielding  closure  of  opposite  eye  was  again  reached,  and  it  was 
found  that  then  on  proceeding  farther  upward  to  the  point  that  had 
previously  yielded  elbow  flexion  as  its  primary  movement,  that  point 
now  yielded  adduction  of  the  thumb  as  its  primary  movement,  and,  a 
little  farther  upward,  movement  of  index,  chiefly  extension,  was  added 
to  that  of  thumb ;  and  movements  of  thumb  and  index  continued  to  be 
primary  movements  right  up  through  the  region  which  previously  had 
given  elbov/  flexion  as  primary  response,  and  thumb  and  index  move- 
ments as  primary  responses  trespassed  actually  into  the  area  that  had 
[)reviously  yielded  shoulder  movements."  Here  "  deviation  of  response  "' 
affected  a  series  of  points  forming  a  considerable  fraction  of  the  whole 
arm  area. 

But  this  "  deviation  "  could  be  produced  in  a  still  more  remarkable 
manner.  An  electrical  stimulus,  applied  to  the  post-central  convolu- 
tion, evoked  no  direct  response  in  the  anthropoid  apes  ;  yet  it  might 
profoundly  influence  the  nature  of  a  subsequent  discharge  from  the 
motor  cortex  (Graham  Brown  [4]).  Not  only  could  it  facilitate  the 
response  from  adjacent  precentral  points,  but  even  the  form  of  move- 
ment evoked  might  be  fundamentally  changed  by  antecedent  stimula- 
tion of  an  apparently  "  silent  "  area. 
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They  conclude  that  phenomena  such  as  facihtation,  reversal  and 
deviation  of  response,  evidence  of  the  functional  instability  of  cortical 
motor  points,  are  indicative  of  the  enormous  wealth  of  mutual  associa- 
tions existing  between  portions  of  the  motor  cortex.  "  The  acquirement 
of  skilled  movements,  though  certainly  a  process  involving  far  wider 
areas  (cf.  v.  Monakow)  of  the  cortex  than  the  excitable  zone  itself,  may 
be  presumed  to  find  in  the  motor  cortex  an  organ  whose  synthetic 
properties  are  part  of  the  physiological  basis,  which  renders  that  acquire- 
ment possible.'  They  add,  "  Such  synthesis  involves  time  adjustments 
as  well  as  spacial  adjustments."  In  fact,  in  the  words  of  Franz,  "  the 
motor  cortex  is  a  labile  organ."' 

These  luminous  experiments  show  the  fallacy  of  conceiving  the 
motor  cortex  as  the  seat  of  strictly  limited  "  centres  "  of  pre-ordained 
function.  Cortical  activity,  even  when  aroused  by  electrical  stimulation, 
is  revealed  as  a  march  of  events  with  a  definite  temporal  relation.  The 
response  obtained  from  any  one  point,  at  a  particular  moment,  depends 
on  what  has  happened  before.  Excitation  of  a  spot,  which  caused 
flexion  of  the  elbow,  may  provoke  the  opposite  effect  if  it  follows  some 
event,  motor  or  sensory,  favourable  to  extension.  In  the  same  way  an 
area,  associated  at  one  time  with  contraction  of  the  face,  may  yield 
movements  of  the  elbow  if  approached  from  above  downwards  on  the 
precentral  gyrus.  The  past  plays  a  predominant  effect  in  the  response 
obtained  at  any  one  moment,  and  this  in  turn  helps  to  determine  in 
advance  the  form  of  the  future  reaction. 

These  facts  show  that  the  "motor  "'  centres  cannot  be  the  sole  and 
primary  foci  from  which  movements  are  initiated.  They  form  rather 
the  means  by  which  we  are  enabled  at  will  to  interfere  with  otherwise 
automatic  acts.  A  series  of  high-grade  movements  are  associated 
together  in  the  acquirement  of  some  aptitude,  which,  though  at  first 
learnt  wittingly,  ultimately  becomes  automatic.  Cortical  activity  can 
then  interfere  with  this  series  of  actions  and  modify  them  in  accordance 
with  our  voluntary  requirements. 

;<   -2. — TJte  Efect  of  Cortical  Ablation  or  Injurij. 

Even  complele  ablation  of  one  of  these  "centres"  produces  a 
transitory  loss  of  function  only,  provided  the  injury  does  not  extend 
deeply  into  the  substance  of  the  brain.  Sherrington  and  Leyton  ([8] 
p.  188)  removed  the  whole  area  from  which  movements  of  the  hand 
could  be  evoked  by  electrical  stimulation.  After  recovery  from  the 
transient  loss  of  power,  the  site  of  the  injury  was  again  exposed  and 
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stimulated  without  effect ;  the  cortical  tissues  were  then  excised  over  a 
still  wider  area  without  producing  any  permanent  or  material  change  in 
the  condition  of  the  hand.  Evidently  the  restoration  of  function  was 
not  due  to  the  residue  of  a  limited  "  hand  area,"  which  had  escaped 
removal  ;  nor  was  it  the  result  of  some  vicarious  activity  on  the  part  of 
neighbouring  "  centres."  But,  after  neural  shock  had  passed  off,  the 
animal  still  possessed  the  power  of  re-learning  an  action  which  had 
been  disturbed  by  the  anatomical  destruction. 

Any  change  that  may  result  permanently  from  the  ablation  of  limited 
areas  of  the  cortex  is  too  subtle  to  be  betrayed  under  experimental  con- 
ditions by  destruction  of  the  so-called  "  motor  centres,"  even  in  the 
anthropoid  apes.  But  the  afferent  activities  of  the  cortex  stand  in  closer 
relation  to  consciousness  than  movement,  and  the  condition  of  sensibility 
in  man,  after  local  injury  to  the  surface  of  the  brain,  forms  a  better 
indicator  of  the  nature  of  the  functional  disturbance. 

We  were  able  to  show  that  the  cerebral  cortex  is  the  organ 
by  which  we  can  focus  attention  upon  the  changes  evoked  by 
sensory  impulses.  A  pure  cortical  lesion,  which  is  not  advancing  or 
causing  periodic  discharges,  may  change  the  sensibility  of  the  affected 
parts  in  such  a  way  that  the  patient's  answers  appear  to  be  untrust- 
worthy. Such  diminished  power  of  attention  makes  estimation  of  a 
threshold  impossible  in  many  cases;  uncertainty  of  response  destroys 
all  power  of  comparing  one  set  of  impressions  with  another  and  so 
prevents  discrimination. 

But  in  addition  to  its  function  as  an  organ  of  local  attention,  the 
"  sensory  "  cortex  registers  and  retains  the  physiological  dispositions 
produced  by  past  events.  These  profoundly  modify  all  subsequent 
actions.  They  may  be  manifest  in  the  form  assumed  by  sensations  or 
images,  but  more  often,  as  in  the  case  of  spacial  impressions,  remain 
outside  consciousness.  Here  they  form  organized  models  of  ourselves, 
which  we  termed  "  schemata."  Such  schemata,  although  they  may 
act  solely  on  the  physiological  level,  are  essential  for  all  accurate 
spacial  recognition  ;  for  they  modify  the  impressions  produced  by 
incoming  sensory  impulses  in  such  a  way  that  the  final  sensations  are 
charged  with  a  relation  to  something  that  has  happened  before. 

The  part  played  by  the  cortex  in  sensation  is  concerned  with  those 
physiological  processes  which  underlie  projection  and  discrimination. 
The  loss  of  function  appears  in  three  forms,  as  inability  to  appreciate 
spacial  relationships,  defective  reactions  to  stimuli  of  graduated  inten- 
sity, and  failure  to  recognize  similarity  or  difference  in  objects  of  various 
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shapes  and  weights.  The  crude  qualitative  aspects  of  touch,  pain,  heat 
and  cold  are  not  affected  by  a  superficial  lesion  of  the  brain  ;  they  are 
functions  of  a  subservient  organ,  the  optic  thalamus. 

We  saw  reason  to  believe  that  these  three  aspects  of  sensibility  were 
not  always  affected  uniformly,  or  in  any  constant  relation  to  one 
another  by  a  cortical  injury.  Sometimes  one  group  of  tests,  sometimes 
another,  revealed  a  disturbance  of  greatest  severity  and  widest  extent. 
Such  variation  proves  that  the  physiological  processes,  necessary  for 
the  due  appearance  of  these  different  aspects  of  sensation,  can  be  thrown 
into  disorder  more  or  less  independently  by  lesions  situated  at  different 
positions  on  the  surface  of  the  brain. 

Moreover,  I  was  able  to  show  that  the  various  portions  of  the  body 
were  not  equally  affected  by  injuries  of  the  "  sensory  "  cortex  ;  those 
closely  connected  with  the  performance  of  conscious  acts,  variable  at 
will,  showed  the  most  intense  loss  of  function  and  could  be  disturbed 
from  a  wider  extent  of  surface  on  the  brain.  Such  parts  as  the  hand, 
which  are  endowed  with  the  greatest  power  of  discriminative  sensibility, 
suffered  most  severely  ;  for  the  finger  and  thumb  of  man  are  little  more 
than  mobile  sense-organs.  Next  in  order  came  the  sole  of  the  foot, 
which  habitually  exerts  discriminative  activity  in  walking.  The  trunk 
is  less  likely  to  be  affected,  for  the  movements  in  which  it  is  employed 
are  mainly  carried  out  automatically. 

All  cerebral  activity  consists  of  a  march  of  events  performed  in  part 
consciously,  but  to  a  greater  extent  unwittingly.  On  the  physiological 
level  the  cortex  undoubtedly  plays  a  role  in  many  automatic  acts ;  but 
it  also  permits  us  to  intervene  to  alter  a  sequence  or  to  initiate  some 
variation  in  accordance  with  circumstances.  Thus,  we  are  enabled  to 
acquire  with  ease  new  aptitudes  and  facilities  ;  once  fully  learnt,  these 
in  turn  become  more  or  less  automatic.  The  deeper  and  wider  there- 
fore the  injury  to  the  cortex  and  underlying  structures,  the  graver  and 
more  permanent  is  likely  to  be  the  loss  of  function ;  but  we  must  never 
forget  that  it  has  disturbed  a  highly  organized  act  and  has  not  removed 
a  strictly  definable  anatomical  "  centre." 

Chapter  II. — What  Functions  are  disturbed  by  a  Local  Lesion 
OF  THE  Brain,  which  affects  Speech  ? 

Failure  to  appreciate  the  nature  of  the  speech  defects  produced  by 

local  lesions  of  the  brain  has  been  responsible  for  much  disappointment 

and  waste  of  effort.     A  vast  mass  of  valuable  anatomical  investigation 

has  been  rendered  nugatory   because  the  observer  has  been  content  to 

ecord  the  manifestations  in  general  conceptual  terms. 
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We  are  told  in  the  clinical  records  that  the  patient  was  unable  to 
speak,  to  read  or  to  write  ;  it  is  considered  sufficient  to  note  categori- 
cally that  these  acts  were  or  were  not  possible,  although  in  the  vast 
majority  of  instances  they  could  be  carried  out  in  one  way,  but  not  if 
the  task  was  more  severe  or  had  been  set  in  a  different  form.  Thus  a 
man  may  be  able  to  write  his  own  name  and  address,  but  not  those  of 
his  mother  with  whom  he  lives.  However  careful  the  anatomical 
examination,  cases  are  useless  for  the  purposes  of  cerebral  localization, 
where  our  only  information  is  contained  in  the  statement  that  the 
patient  could  not  speak,  read  or  write.  Still  worse  are  those  where  he 
is  said  to  have  suffered  from  "  alexia  "'  or  "  agraphia.'" 

But  even  greater  difficulties  are  encountered,  if  we  consider  the 
manifestations  of  aphasia  under  the  headings  of  motion  and  sensation. 
Both  physiological  experiment  and  clinical  experience  show  that 
destruction  of  parts  of  the  precentral  gyrus  may  cause  loss  of  movement 
in  the  face  and  tongue.  In  the  same  way  lesions  of  the  occipital  pole 
are  followed  by  some  loss  of  sight  and  those  of  the  temporal  convolutions 
by  an  affection  of  hearing. 

Since  normal  exercise  of  the  power  of  speech,  in  its  widest  sense* 
demands  perfect  movements  of  the  tongue  and  the  preservation  of 
vision  and  hearing,  these  three  functions  were  thought  to  form  its 
constituent  elements.  It  was  assumed  further  that  the  products  of 
disorganized  speech  would  fall  into  the  categories  of  motion  and  sensa- 
tion. Aphasia  was  classified  as  "  motor,"  "visual,"  or  "auditory,"  and 
an  anatomical  site  was  sought  for  each  of  these  varieties. 

But  innumerable  clinical  observations  have  shown  that  this  is  not 
the  case.  The  negative  effects  of  a  cerebral  lesion  are  manifested  in 
terms  of  the  function  disturbed  ;  loss  of  sensation  of  cortical  origin  is 
expressed  as  some  defective  form  of  the  psychical  act.  Still  more  is  this 
true  of  disorders  of  speech.  They  occur  at  a  level  of  integration  far 
above  that  of  movement,  or  even  of  such  specialized  forms  of  sensation  as 
vision  and  hearing ;  aphasia  is  manifested  in  terms  of  a  group  of 
functions  I  have  called  symbolic  formulation  and  expression. 

One  and  the  same  anatomical  lesion  can  cause  loss  of  function  at 
diverse  levels  of  cerebral  activity.  Thus,  a  cortical  injury  of  the  post- 
central convolutions  may  produce  not  only  gross  defects  in  the  highest 
aspects  of  sensation,  but  also  diminution  in  muscular  tone  [6] .  For, 
at  this  situation  in  the  nervous  system,  the  vital  activity  of  the  cortex  is 
expressed  in  presentations  to  consciousness  concerned  with  the  position 
of  the  body  in  space  and  also  in  the  purely  physiological  condition  of 
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tonic  posture.  Should  a  lesion  of  the  left  half  of  the  brain  be  so  situated 
that  it  causes  loss  of  movement  in  one  half  of  the  tongue,  it  may  at  the 
same  time  be  associated  with  some  defect  of  speech.  The  want  of 
power  in  the  tongue  is  obviously  a  "  motor  "'  phenomenon  ;  but  the 
verbal  disorders  cannot  be  described  under  this  heading.  They  belong 
to  a  higher  order  of  integration.  In  the  same  way  an  injury  to  the 
hinder  part  of  the  brain  may  produce  some  form  of  cerebral  blindness, 
accompanied  by  aphasic  manifestations.  Both  are  due  to  one  ana- 
tomical lesion;  but,  whilst  the  loss  of  vision  is  truly  "  sensory,"' the 
defects  in  speech  belong  to  a  superior  level  of  function. 

Moreover,  the  conception  that  the  various  forms  of  aphasia  can  be 
classed  as  motor  or  sensory  implied  the  fallacy,  that  cerebral  destruction 
reveals  the  elements  out  of  which  an  act  of  speech  is  composed.  On 
this  assumption,  speech  is  analysed  by  the  lesion  into  its  synthetic  com- 
ponents, as  a  salt  is  broken  up  into  an  acid  and  a  base. 

So  long  as  we  are  dealing  with  the  negative  manifestations  of  a 
lesion  of  the  central  nervous  system  this  is  not  the  case.  Positive 
phenomena,  such  as  the  spasticity  of  hemiplegia,  or  the  over-response 
to  painful  stimulation  which  may  follow  lesions  of  the  optic  thalamus, 
reveal  the  activity  of  lower  centres  released  from  the  control  to  which 
they  are  normally  subjected.  But  as  soon  as  we  are  concerned  with 
purely  negative  manifestations,  such  as  those  of  aphasia,  the  products 
of  disintegration  appear  as  some  defect  of  a  highly  organized  group  of 
functions,  all  of  which  belong  to  the  same  level.  No  one  is  dominant 
or  subservient  to  another  ;  they  are  equipollent  in  the  hierarchy  of 
cerebral  activities. 

Speaking,  reading  and  writing  are  highly  developed  actions,  which 
have  been  acquired  during  the  life  of  the  individual.  They  are 
learnt  with  effort  and  constantly  improved  by  practice.  When  they 
are  disturbed  by  an  organic  lesion,  the  orderly  march  of  a  series  of 
events  is  interrupted  ;  the  act  of  speech  fails  in  one  way  or  another, 
assuming  different  forms,  just  as  a  man's  gait  varies  according  to 
whether  he  has  injured  his  toe  or  his  heel.  The  necessary  processes  can 
no  longer  be  carried  out  perfectly  ;  but  the  particular  form  assumed 
by  the  disorder  is  the  consequence  of  preventing  in  part  the  expression 
of  certain  highly  developed  functions  and  does  not  reveal  the  primitive 
elements  out  of  which  they  were  developed. 
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§  1. — Symbolic  Fonmilatioii   and   Expression.^ 

Most  previous  observers  assumed  that  the  perfect  use  of  language  in 
its  various  forms  demanded  certain  activities  of  mind  and  body,  and 
that  these  could  be  deduced  by  a  i^.riori  reasoning  on  general  grounds. 
These  factors  were  supposed  to  form  categorical  groups,  which  were 
exposed  by  the  disintegrating  effect  of  disease,  and  thus,  by  examining 
the  clinical  manifestations,  we  could  discover  the  synthetic  elements 
out  of  which  speech  was  composed.  Some  observers  adopted  as  units 
the  acts  of  speaking,  reading  and  writing;  others  divided  the  phenomena 
into  "motor"'  and  "sensory,"  "emissive"  and  "receptive,"  whilst 
many  were  content  with  the  purely  descriptive  terms  of  "  apraxia  "  and 
"  agnosia,"  which  have  no  more  explanatory  value  than  the  word 
"  aphasia  "  itself. 

Analysis  of  the  facts  of  clinical  observation  has  led  me  to  funda- 
mentally different  conclusions ;  for,  when  a  complex  mode  of  behaviour, 
such  as  the  use  of  language,  is  disturbed  by  structural  disease,  the  loss 
of  function  is  manifested  in  terms  of  the  process  itself  and  does  not 
reveal  the  elements  out  of  which  it  has  been  built  up.  Moreover,  the 
various  mental  activities,  interrupted  during  acts  of  symbolic  formula- 
tion and  expression,  can  frequently  be  exercised  in  a  normal  manner 
during  some  other  form  of  behaviour.  Thus  the  patient  may  have 
profound  difhculty  in  manipulating  visual  images  at  will  for  the  purposes 
of  verbal  expression,  although  he  can  employ  them  with  ease  in  other 
modes  of  thinking.  It  is  not  images  as  such  that  are  disturbed,  but 
images  used  in  a  certain  manner  directed  towards  a  definite  end. 

By  symbolic  formulation  and  expression  I  understand  a  distinct 
mode  of  behaviour  in  which  some  verbal  or  other  symbol  plays  a  part 
between  the  initiation  and  execution  of  the  act.  This  comprises  many 
procedures,  not  usually  included  under  the  heading  of  the  use  of 
language,  and  the  functions  to  be  placed  within  this  category  must  be 
determined  empirically;  no  definition  can  be  framed  to  cover  all  forms 
of  action,  which  may  be  disturbed  at  one  time  or  another  according  to 
the  nature  and  severity  of  the  case.  If  clinical  experience  shows  that 
some  particular  form  of  behaviour  is  affected  in  association  with  these 
speech  defects,  it  must  be  included,  although  it  is  not  logically  implied 
in  the  purely  descriptive  term,  "symbolic  formulation  and  expression." 

1  In  my  earlier  papers  I  spoke  of  "  symbolic  thinking  a,r\di  expression."  It  was  pointed 
out  to  me  that  tliis  was  too  wide  and  indefinite  a  designation,  and  I  have  therefore  adopted 
"  symbolic  forvudation  and  expression  "  as  more  nearly  approximating  to  my  meaning  and 
intention. 
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Since,  then,  it  is  impossible  to  define  the  exact  limits  ot'  this  guoup 
of  functions,  I  shall  attempt  to  enumerate  shoroly  the  various  acts 
which  may  be  thrown  into  disorder,  when  a  unilateral  lesion  of  the 
brain  disturbs  the  use  of  language. 

It  is  not  the  "general  intellectual  capacity"  which  is  primarily 
affected,  but  the  mechanism  by  which  certain  aspects  of  mental  activity 
are  brought  into  play.  Behaviour  suffers  in  a  specific  manner ;  an 
action  can  be  carried  out  in  one  way,  but  not  in  another.  In  so  far  as 
these  processes  are  necessary  for  the  perfect  exercise  of  mental  apti- 
tudes, "general  intelligence  "  undoubtedly  suffers.  For  a  man  who,  in 
the  course  of  general  conversation,  is  unable  to  express  his  thoughts, 
or  comprehend  the  full  significance  of  words  and  phrases,  cannot  move 
freely  in  the  general  field  of  ideas.  If,  in  addition,  he  cannot  mani- 
pulate numbers  with  ease,  or  find  his  way  from  one  place  to  another,  he 
will  certainly  appear  to  be  more  stupid  than  his  fellows.  Moreover,  it 
must  not  be  forgotten  that  the  intellectual  life  of  civilized  man  is  so 
dependent  on  speaking,  reading  and  writing,  that  any  restriction  of 
these  powers  throws  him  back  upon  himself ;  he  shuns  company  and 
cannot  occupy  himself  with  the  newspaper  or  social  intercourse.  This 
inevitably  leads  to  a  diminished  field  of  thought,  and  many  aphasics 
gradually  deteriorate  in  mental  capacity.  Yet  closer  observation  shows 
that  this  "  want  of  intelligence"  is  based  primarily  on  some  distinctive 
defect  in  a  definite  form  of  behaviour. 

The  more  nearly  the  task  approximates  to  a  simple  act  of  matching, 
the  less  does  it  suffer  in  those  forms  of  defective  speech  on  which  this 
work  is  founded.  All  my  patients  could  choose  some  familiar  object, 
colour,  or  geometrical  figure,  which  corresponded  to  the  one  shown  to 
them.  For  in  such  tests  the  sensory  pattern  aroused  by  visual  stimula- 
tion is  matched  with  that  produced  by  some  one  of  the  forms  or  colours 
on  the  table.  No  symbolic  formulation  intervenes  of  necessity  between 
perception  and  the  act  of  choice. 

In  the  same  way  if  one  of  the  geometrical  shapes  or  implements  of 
daily  use  is  placed  in  the  normal  hand  out  of  sight,  the  patient  can 
select  its  duplicate  from  amongst  those  on  the  table  in  front  of  him. 
Here  tactile  sensations  evoke  an  image,  which  has  obvious  similarity 
with  the  visual  impressions  produced  by  some  object  within  his  sight. 

But  any  act  of  mental  expression  which  demands  symbolic  formula- 
tion tends  to  be  defective,  and  the  higher  its  propositional  value  the 
greater  difficulty  will  it  present.  Thus  a  patient  may  execute  a 
command  to  hold  up  his  hand,  although  he  is  unable  to  carry  out  an 
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order  to  touch  with  it  his  eye  or  his  ear.  The  addition  of  the  second 
factor  has  rendered  it  too  difficult :  the  larger  the  number  of  possible 
alternatives  presented  by  the  task,  the  more  certainly  will  the  desired 
action  be  defective.  By  this  means  it  is  possible  to  grade  the  patient's 
disability.  He  is  first  required  to  carry  out  a  series  of  movements  such 
as  "  Lift  your  hand,"  "  Shut  your  eyes,'  etc..  which  name  one  part  of 
the  body  only.  Then  the  right  or  left  hand  is  specified,  and  the  task 
is  gradually  increased  in  severity,  until  at  last  it  is  brought  up  to  the 
multiple  alternatives  of  the  full  hand,  eye  and  ear  tests.  Somewhere  on 
this  ascending  scale  of  difficulty  the  aphasic  will  break  down,  and  this 
gives  a  rough  indication  of  the  degree  to  which  this  particular  form  of 
behaviour  is  affected. 

Any  modification  of  the  task  which  lessens  the  necessity  for  symbolic 
representation  will  render  its  performance  easier.  Thus,  a  patient 
who  finds  extreme  difficulty  in  imitating  gestures  accurately,  sitting 
face  to  face,  makes  no  mistake  when  they  are  reflected  in  a  mirror  ; 
for  this  is  in  most  cases  an  act  of  direct  imitation.  But,  if  instead  of 
reproducing  the  movements  he  sees  in  the  mirror,  he  is  asked  to  write 
them  down  on  paper,  he  falls  into  the  grossest  errors,  because  he  is  now 
compelled  to  express  them  in  verbal  symbols.  Acts  which  can  be 
imitated  with  ease  cannot  be  formally  expressed. 

Many  patients  cannot  find  words  sufficient  for  current  speech  or  the 
accurate  designation  of  objects ;  yet  they  can  choose  correctly  both  to 
oral  and  printed  commands.  For  the  verbal  formula  is  presented  to 
them  ready  made,  and  comprehension  of  its  meaning  is  an  easier  process 
in  such  cases  than  the  act  of  evoking  it  at  will.  Once  the  word  has 
been  presented  to  the  patient,  it  calls  up  an  image  which  corresponds  to 
some  object  before  him  ;  but  naming  is  impossible,  because  he  cannot 
reproduce  the  adequate  verbal  symbol  to  demand. 

The  more  abstract  the  symbol  the  greater  difficulty  does  it  present 
in  cases  where  the  use  of  language  is  defective.  The  words  "  knife," 
"  penny,"  "  match-box,"  are  direct  verbal  symbols,  appropriated  ex- 
clusively to  the.se  objects  by  long  familiar  use.  The  names  for  colours, 
on  the  other  hand,  are  more  abstract ;  from  the  materials  before  us, 
consisting  of  paper,  cloth  or  silk  of  different  shape  and  texture,  we 
abstract  one  quality  which  we  call  its  colour.  Thus  many  aphasics, 
who  can  designate  correctly  objects  of  daily  use,  fail  when  they  attempt 
to  find  the  names  for  colours. 

On  this  principle  we  can  explain  the  behaviour  of  No.  2,  who, 
though  unable  to  name  colours,  described  them  appropriately  if  he  was 
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allowed  to  employ  a  simile  or  metaphorical  phrase.  For  example,  when 
he  failed  to  recall  the  name  for  "  l)lack,"  he  described  it  as  "  What  you 
do  for  the  dead  "  ;  this  he  shortened  to  "  dead,"  and  could  employ  the 
single  word  to  designate  the  colour  because  of  its  metaphorical  signi- 
ficance, although  he  was  unable  to  evoke  the  more  abstract  term 
"black." 

It  is  a  well-known  fact  that  many  aphasic  patients,  who  are  unable 
to  write  spontaneously,  can  copy  printed  matter  in  capital  letters :  in 
most  cases  this  requires  little  more  thought  than  imitative  drawing. 
But  to  copy  print  in  cursive  handwriting  is  an  act  of  transliteration 
demanding  a  certain  degree  of  symbolic  formulation.  It  is  not  sur- 
prising, therefore,  that  this  form  of  behaviour  is  frequently  disturbed, 
although  it  suffers  less  than  spontaneous  writing. 

Sometimes  it  is  possible  to  grade  the  extent  of  the  patient's  dis- 
ability by  means  of  these  tests.  He  may  be  completely  unable  to  write 
spontaneously,  but  does  so,  though  imperfectly,  to  dictation,  and  can 
copy  with  comparative  ease.  For  the  last  demands  a  relatively  slight 
amount  of  symbolic  formulation  and  expression,  whilst  to  write  spon- 
taneously requires  exercise  of  these  powers  to  a  high  degree.  But  in 
some  instances,  especially  if  verbalization  is  mainly  affected,  copying 
from  print  may  be  gravely  disturbed ;  like  most  normal  persons,  the 
patient  glances  at  the  words  to  be  copied  and  then  says  them  over  to 
himself,  as  can  be  seen  from  the  soundless  movements  of  his  lips. 
Copying  from  print  becomes  in  fact  a  form  of  self-dictation  and  suffers 
from  the  same  defects  as  if  the  words  were  dictated  by  the  observer. 
In  other  forms  of  aphasia,  however,  copying  is  the  least  affected  of  all 
forms  of  writing. 

The  alphabet  forms  one  of  the  most  valuable  means  of  investigating 
these  defects  in  the  use  of  language,  provided  the  tests  are  carried  out 
systematically.  It  is  remarkable  how  many  aphasics  are  unable  to  say 
the  letters,  or  to  write  them  in  correct  sequence,  although  they  can 
repeat  and  write  them  to  dictation.  Under  such  conditions  the  patient 
not  infrequently  fails  to  construct  an  alphabet  out  of  the  twenty-six 
block  letters  ;  for  he  is  unable  to  formulate  them  in  due  order. 

It  is  comparatively  easy  to  count  and  to  say  the  days  of  the  week,  or 
the  months  of  the  year  in  sequence,  provided  it  is  possible  to  form  the 
necessary  words  ;  long  familiarity  has  made  such  tasks  almost  automatic. 
But  to  recognize  immediately  the  significance  of  any  single  number,  day 
or  month  demands  a  higher  power  of  symbolic  recognition.  Thus,  a 
patient  who  can  count  correctly  and  say  the  days  of  the  week  or  the 
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months  may  be  unable  to  comprehend  the  meaning  of  a  definite  date 
such  as  "Thursday,  March  the  twelfth."'  He  is  obliged  to  reach  an 
understanding  by  recapitulating  each  series  up  to  the  word  he  is  seeking 
to  comprehend,  just  as  he  adds  d  +  3  by  counting  6,  7,  8,  9. 

The  clock  tests  reveal  a  similar  difference  in  the  ease  with  which  an 
I  u'der  can  be  obeyed  according  to  the  nomenclature  employed.  A  patient 
may  be  able  to  set  the  hands  correctly  at  "  3.40,"  but  not  when  he  is 
told  to  place  them  at  "  20  minutes  to  4."  For  in  the  first  instance  he 
moves  the  short  hand  to  3,  and  then  swings  round  the  other  consecu- 
tively up  to  40  minutes ;  in  the  latter  he  sets  the  hour  hand  at  4  and 
then  stops  puzzled,  in  doubt  as  to  the  meaning  of  the  words  "  '20 
minutes  to." 

These  tests  also  show  the  existence  of  symbolic  meanings  that  are 
not  expressed  in  words  or  numbers.  The  short  and  long  hands  of  the 
clock  have  acquired  a  significance  which  converts  each  of  them  into  a 
direct  symbol,  and  they  are  confused  or  used  wrongly  in  many  forms  of 
aphasia.  Moreover,  we  are  in  the  habit  of  dividing  up  the  space  between 
any  two  numbers  on  the  clock  face  into  portions  of  an  hour.  Told  to 
set  "  half-past  one,"  we  not  only  bring  the  long  hand  opposite  to  the 
figure  6,  but  we  bisect  the  space  between  1  and  2,  and  place  the  hour 
hand  in  this  position.  The  interval  between  the  two  figures  marking 
the  hours  has  in  itself  a  symbolic  value.  In  many  cases  of  aphasia  this 
is  affected,  and  the  patient  no  longer  sets  the  hour  hand  at  a  point  pro- 
portionate to  the  position  of  the  minute  hand  ;  he  places  the  former 
opposite  the  figure  1,  whilst  the  latter  indicates  (').  Or,  luore  confusing 
still,  when  told  to  set  "  a  quarter  to  six,"  he  may  place  the  short  hand  at 
(i  and  the  long  hand  opposite  9,  so  that  it  is  impossible  to  discover 
without  questioning  him  whether  he  intended  to  set  6.45  or  5.45.  Not 
only  the  hands  of  the  clock,  but  their  relative  position  on  the  face  has 
acquired  a  symbolic  value,  which  is  disturbed  in  many  cases  of  aphasia. 

Recognition  of  the  passage  of  time  and  of  its  intervals  is  not  strictly 
affected.  A  patient  may  be  unable  to  tell  the  hour  set  for  him  on  the 
clock,  although  he  has  a  definite  appreciation  of  the  time  of  day  and  is 
punctual  for  his  appointments.  Even  though  he  fails  to  name  the  hour, 
he  may  describe  it  correctly  as  "  when  you  eat  "  or  "  when  we  went 
there." 

In  the  same  way  sense  impressions  can  be  appreciated  and  recalled, 
but  the  aphasic  may  find  difficulty  in  expressing  the  relation  between 
them.  Thus,  when  tested  with  the  compass-points,  he  may  be  unable 
to  answer  in  speech  or  writing  whether  he  has  been  touched  by  two  or 
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one,  although  he  possesses  the  necessary  words  to  do  so  ;  and  yet  we 
can  prove  that  his  sensibility  is  not  affected.  For,  if  the  figures  1  and  2 
are  written  on  a  sheet  of  paper,  he  may  by  pointing  be  able  to  indicate 
correctly  whether  the  contact  was  double  or  single.  When  this  test  is 
carried  out  iu  the  ordinary  manner,  he  is  compelled  to  formulate  his 
sensory  impressions  and  express  their  relation  in  suitable  words.  But 
by  the  second  method  the  processes  of  thought  required  are  simpler ;  he 
has  only  to  match  the  image  produced  by  his  afferent  impulses  with  one 
of  the  two  verbal  patterns  in  front  of  him. 

To  the  functions  of  the  superior  cerebral  centres  we  owe  pre- 
dominantly our  capacity  to  appreciate  the  various  qualities  and  rela- 
tions of  external  objects.  By  the  time  man  developed  speech,  he  already 
possessed  the  power  of  discrimination  to  a  high  degree,  and  definite 
symbols,  such  as  words  and  numbers,  were  invented  to  register  these 
differences. 

When  we  are  shown  a  coin  and  are  allowed  to  handle  it,  we  receive 
certain  sensory  impressions  ;  these  we  abstract  from  it  and  speak  of 
them  as  its  objective  characters.  It  is  hard,  brown,  cold,  round,  of  a 
certain  size  and  is  commonly  called  a  "  penny."  But,  in  addition  to 
these  sensory  attributes,  it  has  other  relations  such  as  its  position  in 
space  with  regard  to  its  surroundings.  Place  a  set  of  familiar  objects  or 
colours  on  the  table  and  ask  the  patient  to  point  to  the  duplicate  of  one 
he  has  just  seen ;  he  not  only  chooses  correctly,  but  after  a  time  his 
finger  will  move  at  once  towards  the  position  of  the  object  he  wishes  to 
indicate,  even  though  the  whole  set  is  still  screened  from  his  sight. 
But  as  soon  as  he  is  asked  to  formulate  the  order  in  which  they  lie  on 
the  table,  that  is  their  serial  relation  to  one  another,  he  may  fail 
completely. 

In  the  same  way  a  patient  with  his  eyes  closed  may  be  able  to  point 
to  the  position  of  various  objects  in  some  familiar  room  with  regard  to 
himself,  although  he  cannot  formulate  their  relation  to  one  another. 
He  can  say  "  The  window  is  there,  the  fireplace  there,"  but  is 
unable  to  express  the  situation  of  the  one  with  regard  to  the  other. 
This  makes  it  impossible  to  draw  a  ground  plan,  which  demands  some- 
what complicated  acts  of  symbolic  formulation. 

But  such  an  object  as  a  coin  has  a  still  further  relation  to  others  of 
the  same  order,  namely,  its  monetary  value.  If  two  coins  are  placed  on 
the  table,  many  aphasics  are  unable  to  state  how  many  of  the  one  would 
be  required  to  correspond  with  the  other  ;  given  a  sixpence  and  a  two- 
shilling  piece,  they  fail  to   reply  that   four  of  the  one  "go  into"  the 
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other.  Yet  from  a  number  of  pieces  of  money  they  can  build  up  a  pile 
on  the  one  hand,  which  exactly  corresponds  in  value  to  the  two  shillings 
on  the  other.  It  is  not  appreciation  of  monetary  value  that  is  at  fault 
in  such  cages,  but  the  power  to  express  the  relation  of  one  coin  to 
another.  In  the  same  way  No.  10  remembered  that,  when  buying 
tobacco  he  placed  two  shillings  on  the  counter  and  received  two  ounces 
and  threepence  in  change  ;  but  he  was  unable  to  say  how  much  it  cost. 
He  could  register  the  facts  of  the  purchase  correctly,  although  he 
could  not  relate  them  to  one  another  and  draw  the  obvious  deduction. 

Another  form  of  activity,  which  is  more  particularly  disturbed  in  a 
certain  group  of  speech  defects,  is  what  may  be  called  the  ultimate 
intention  of  the  symbol.  Some  patients  have  no  clear  or  certain  con- 
ception of  the  goal  of  an  action  they  are  asked  to  perform.  This  is 
profoundly  evident  in  all  that  concerns  words  and  figures  ;  but  it  is 
not  the  individual  words  in  their  primary  sense  which  are  affected. 
Xo.  10  understood  the  meaning  of  "  summer  ''  and  ''  time  "  :  he  was 
well  aware  that  with  the  advent  of  "summer-time"  the  clocks  were 
changed,  but  he  was  entirely  unable  to  say  whether  the  hands  were 
put  forward  or  back,  and  tried  in  vain  to  work  out  the  problem.  Such 
patients  cannot  add  or  subtract  with  certainty  ;  thex^  have  lost  their 
knowledge  of  the  processes  of  arithmetic,  but  not  of  the  direct  signi- 
ficance of  figures. 

This  failure  to  formulate  the  intention  or  ultimate  goal  of  a  desired 
action  leads  to  loss  of  capacity  to  perform  tasks  not  directly  associated 
wii^^h  words  and  figures.  Thus,  when  No.  10  was  threading  a  quadri- 
lateral frame  for  his  beehives,  he  could  carry  out  the  operation  if  the 
action  consisted  in  bringing  the  wire  across  from  one  side  to  another, 
and  then  back  again  through  neighbouring  holes  ;  but,  as  soon  as  he 
attempted  to  go  from  corner  to  corner,  he  failed  entirely.  He  could 
carry  out  a  strictly  consecutive  action,  but  found  difficulty  when  he 
was  compelled  by  the  discontinuity  of  the  task  to  formulate  his  inten- 
tion. Such  patients  cannot  collect  the  various  objects  they  require  for 
shaving  and  may  fail  to  lay  the  table  correctly  for  breakfast.  All  such 
games  as  billiards  and  cards  become  impossible,  because  of  the 
•difficulty  m  formulating  beforehand  the  aim  or  goal  of  some  particular 
act. 

I  have  attempted  to  describe  shortly  the  various  actions  which  may 
suffer  when  "  symbolic  formulation  and  expression  "  are  affected.  It 
is  impossible  to  find  any  single  term  to  include  all  these  disorders  of 
behaviour,  which  extend  on  the  one  hand  from  mechanical  aptitudes  to 
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exercises  in  formal  logic  on  the  other.  I  therefore  chose  an  empirical 
designation  to  indicate  that  the  defects  produced  by  the  lesion  are 
manifested  most  often  and  most  profoundly  in  the  use  of  words, 
numbers  and  other  analogous  symbols. 

§  '2. — Specific  Varieties  of  Aphasia. 

This  group  of  functions  is  not  uniformly  disturbed  in  every  instance 
and  cases  of  aphasia  differ  profoundly  in  their  clinical  manifestations. 
The  majority,  especially  in  the  earlier  stages,  show  evidence  of  wide- 
spread defects  in  the  use  of  language  ;  the  more  acute  and  severe  the 
lesion,  the  graver  and  more  extensive  is  the  disorder  it  produces. 
Many  of  these  changes  may  disappear,  and  sometimes  the  patient 
recovers  entirely  ;  but  in  certain  cases  one  or  more  aspects  of  symbolic 
formulation  and  expression  remain  affected,  and  the  aphasic  manifesta- 
tions consequently  assume  some  particular  form. 

Analysis  of  these  clinical  varieties  seems  to  show  that  the  various 
forms  of  behaviour,  included  under  the  term  symbolic  formulation 
and  expression,  can  be  affected  in  different  ways  in  consequence  of 
organic  injury.  These  diverse  defects  of  speech  do  not  reveal  the 
elements  out  of  which  the  use  of  language  is  built  up  ;  on  the  con- 
trary they  show  the  way  in  which  a  highly  complex  series  of  acts 
can  be  disturbed  by  lesions  of  certain  portions  of  the  brain.  Provided 
we  bear  these  principles  in  mind,  we  are  justified  in  grouping  the 
clinical  manifestations  under  separate  headings.  Fortunately,  all  the 
functions  included  under  symbolic  thinking  and  expression  are  rarely 
lost  in  the  same  patient ;  for,  if  this  were  the  case,  he  would  be  red  ced 
to  a  state  in  which  all  detailed  examination  was  impossible. 

To  each  of  these  groups  I  have  given  a  name  chosen  from  the 
most  salient  defect  in  the  use  of  words  ;  these  names  are  purely  indicative 
and  are  not  intended  in  any  way  as  defining  a  specific  set  of  psychical 
functions. 

(a)    Verbal  Defects. 

In  severe  forms  of  this  disorder  the  patient's  utterance  may  be 
reduced  to  "  yes  "  and  "  no,"  and  even  these  words  cannot  always  be 
evoked  for  voluntary  use.  As  speech  returns  his  vocabulary  increases, 
but  his  enunciation  is  slow  and  halting.  Any  word  he  is  able  to 
recall  can,  however,  be  used  for  naming  an  object.  It  may  be  so  badly 
pronounced  as  to  be  scarcely  recognizable,  but  it  is  applied  correctly. 
When  the  patient  attempts  to  repeat  what  has  been  said  to  him,  the 
articulatory  sounds  are  imperfect,  although  he  can  usually  utter  more 
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words  than  he  can  produce  spontaneously.  It  is  characteristic  of  this 
form  of  aphasia  that  words  are  evoked  with  difficulty,  and  tend  to  be 
abnormal  in  structure. 

After  the  stage  of  neural  shock  has  passed  away,  comprehension  of 
verbal  significance  is  rapidly  restored  ;  the  patient  can  not  only  choose 
an  object  to  oral  or  printed  commands,  but  even  complex  orders  may 
be  executed  correctly. 

The  power  of  reading  to  themselves  with  enjoyment  is  spoilt  by 
difficulty  in  remembering  a  series  of  words  accurately  ;  they  are  fre- 
quently compelled  to  look  back  to  the  beginning  of  a  long  sentence  in 
order  to  obtain  its  full  meaning. 

As  the  spoken  vocabulary  increases  the  power  of  writing  is  regained, 
although  throughout  it  tends  to  show  the  same  errors  as  articulatory 
speech.  These  patients  cannot  spell,  and  find  difficulty  in  remembering 
the  order  of  the  letters,  even  in  simple  words.  They  write  more 
easily  to  dictation,  but  are  unable  to  carry  in  the  memory  a  string  of 
words  or  a  long  phrase. 

The  verbal  aspect  of  numerals  is  affected,  but  not  their  significance. 
Thus,  when  looking  up  the  page  of  a  book  or  scoring  at  cards,  the 
patient  may  utter  the  wrong  number,  but  acts  as  it  he  had  said  the 
right  one.  Simple  arithinetical  operations  can  be  carried  out  correctly, 
except  in  severe  cases ;  then  it  is  not  the  process  of  addition  and  sub- 
traction which  is  foi'gotten,  but  the  act  fails  because  of  the  difficulty 
in  remembering  the  requisite  figures. 

These  patients  can  draw,  play  card  games  and  enjoy  jokes  set  out  in 
print  or  pictures.  In  fact,  the  disorder  from  which  they  suffer  affects 
mainly  verbal  structure  and  words  as  integral  parts  of  a  phrase  ;  their 
nominal  value  and  significance  are  perfect. 

(b)  Syntactical  Defects. 

This  is  an  easy  form  to  distinguish,  because  the  patient  tends  to 
talk  jargon.  Not  only  is  articulation  of  the  words  ill-balanced,  but  the 
rhythm  of  the  phrase  is  defective,  and  there  is  a  want  of  grammatical 
coherence.  The  power  of  naming  objects  may  be  retained  in  spite  of 
the  jargon  by  which  he  is  hampered.  Not  infrequently,  when  he  cannot 
utter  some  word,  or  when  the  sound  emitted  is  incomprehensible  to  his 
auditor,  he  writes  the  name  correctly. 

Comprehension  of  the  meaning  of  words  is  always  in  excess  of  their 
use  in  conversation.  These  patients  can  choose  comnjon  objects  or 
colours  without  fail  to  oral  commands  in  the  form  of  a  single  word  ;  if 
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however,  the  order  is  conveyed  in  a  spoken  phrase  it  may  not  be  under- 
stood correctly.  In  daily  intercourse  they  suffer  from  inability  to  recall 
with  certainty  what  they  have  been  told  ;  not  only  is  phrasal  utterance 
defective,  but  phrasal  memory  is  transitory.  This  makes  consecutive 
conversation  difficult  or  impossible. 

Such  patients  can  understand  what  they  read  to  themselves,  pro- 
vided they  are  not  compelled  to  reproduce  the  meaning  in  words  ;  for 
their  internal  speech  is  also  disturbed  by  jargon. 

Single  words  may  be  written  correctly  ;  but  any  attempt  to  convey  a 
formulated  statement  in  writing  is  liable  to  end  in  confusion.  Patients 
suffering  from  the  more  severe  degrees  of  this  affection  cannot  write  a 
letter ;  but  in  slighter  cases  writing  is  easier  than  articulatory  speech 
and  all  can  copy  correctly,  transcribing  print  into  cursive  hand- 
writing. 

This  disorder  is  essentially  one  of  balance  and  rhythm  in  symbolic 
expression,  and  syntax  suffers  greatly.  The  patient  has  plenty  of  words, 
but  their  production  is  ataxic  ;  this  leads  hira  to  talk  jargon  and  renders 
difficult  even  internal  formulation  of  their  meaning. 

(c)  Nominal  Defects. 

This  is  essentially  a  loss  of  power  to  use  names  and  want  of  com- 
prehension of  the  nominal  value  or  meaning  of  ^words  and  other 
symbols.  Not  only  does  the  patient  fail  to  name  objects  placed  in 
front  of  him,  but,  when  asked  to  point  to  one  of  them  named  aloud 
or  in  print,  the  choice,  even  if  correct,  is  made  slowly  and  with 
effort. 

Such  patients  read  with  extreme  difhculty,  especially  if  they  attempt 
to  spell  out  the  words.  Writing  is  gravely  affected  and  although  they 
can  copy  printed  matter  correctly  in  capitals,  they  may  be  unable  to 
do  so  in  cursive  handwriting.  Writing  to  dictation  together  with  all 
actions  demanding  choice  are  carried  out  iniperfectly  to  spoken  com- 
mands;  but  direct  viva  voce  repetition  is  not  affected. 

They  can  usually  count  and  say  the  alphabet,  but  suffer  from 
defective  appreciation  of  the  meaning  of  single  numbers  or  letters. 
This  interferes  with  the  power  to  carry  out  simple  arithmetical  opera- 
tions, and  appreciation  of  the  relative  value  of  coins  is  usually  more 
or  less  affected.  Games,  such  as  cards,  which  demand  rapid  and  correct 
recognition  of  names  and  power  to  register  a  score,  are  impossible, 
though  chess,  draughts  and  dominoes  may  be  played  correctly. 

Drawing  from  a  model,  or  from  memory  after  the  object  is  removed 
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from  sijjfht,  is  easily  performed  ;  but,  when  the  patient  is  asked  to  draw 
some  such  figures  as  that  of  an  elephant  from  imagination,  the  result 
is  extremely  unsatisfactory.  All  the  distinctive  parts  are  usually 
omitted. 

One  of  the  most  instructive  forms,  assumed  by  the  loss  of  function, 
is  the  difficulty  experienced  by  the  patient  in  producing  a  ground  plan 
of  some  room  with  winch  he  is  familiar.  However  badly  the  verbal 
aphasic  may  draw,  he  usually  succeeds  in  indicating  the  relative  position 
of  the  windows,  doors  and  principal  pieces  of  furniture.  But  the 
patient  with  nominal  defects  fails  to  produce  a  correct  plan,  and  tends 
to  slip  into  an  attempt  to  express  the  constituent  parts  in  elevation  ; 
yet  when  asked  "Where  is  the  table?"  or  "Where  is  the  window?" 
he  can  point  to  their  situation  correctly. 

(d)   Semantic  Defects. 

These  consist  in  a  want  of  recognition  of  the  full  significance  of 
words  and  phrases  apart  from  their  verbal  meaning.  Other  functions 
suffer  that  have  nothing  to  do  with  verbalization  ;  for  in  this  form  of 
disorder  there  is  loss  of  meaning  in  consecutive  thought.  The  patient 
may  understand  a  word  or  short  phrase,  and  can  appreciate  the  various 
details  of  a  picture ;  but  the  ultimate  meaning  escapes  him.  Thus, 
although  he  understands  the  significance  of  the  words  "  summer"  and 
"time,"  and  knows  that  "summer-time"  is  "  something  to  do  with 
the  Daylight  Saving  Act,"  he  is  unable  to  say  whether  the  clocks  are 
put  forward  or  back  when  it  begins. 

He  fails  to  comprehend  the  final  aim  or  goal  of  an  action  imposed 
upon  him  from  without.  He  cannot  formulate  accurately,  either  to 
himself  or  to  others,  a  general  conception  of  what  he  has  been  told,  has 
read  to  himself,  or  has  seen  in  a  picture,  although  he  can  enumerate 
many  of  the  details  of  which  it  is  composed  ;  the  knowledge  he  has 
gained  is  episodic.  Such  patients  can  read  and  write,  but  the  result 
tends  to  be  inaccurate  and  confused. 

Counting  is  possible,  and  the  value  of  numerals  and  of  coins  may  be 
recognized  ;  but  arithmetical  operations  are  affected  from  want  of  appre- 
ciation of  the  nature  of  the  procedure  required. 

Such  patients  fail  to  understand  jokes  which  demand  complete  com- 
prehension of  printed  words  or  pictures.  They  cannot  play  card  games 
or  put  together  puzzles,  which  confuse  them  greatly. 

These  semantic  disorders  interfere  seriously  with  the  activities  of 
daily  life   and  render    the    patient   useless  for  any    but    the    simplest 
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employment ;  and  yet  his  memory  and  intelligence  may  remain  on  a 
comparatively  high  general  level.  He  does  not  forget  people  or  places  ; 
he  can  recall  spontaneously  events  both  recent  and  remote,  and  may  be 
able  to  give  valuable  information  with  regard  to  his  disabilities.  But, 
if  he  is  set  the  task  of  retailing  accurately  some  story  which  he  has 
been  told  or  has  read  to  himself,  he  is  liable  to  become  confused  and  to 
omit  many  factors  of  importance. 

§  3. — The  Effect  produced  by  tlie  Degree  of  Loss  of  Function  on  the 
Form  assumed  by  an  Ajjhasia. 

Of  the  many  aspects  of  behaviour,  comprised  under  the  term  sym- 
bolic formulation  and  expression,  some  are  affected  in  one  case  some  in 
another,  and  the  form  assumed  by  the  clinical  manifestations  depends 
primarily  on  these  qualitative  defects.  But  the  characteristic  changes 
also  vary  profoundly  according  to  the  amount  to  which  any  one  group 
of  functions  is  disturbed.  At  first  the  patient  may  be  unable  to  speak, 
to  read  or  to  write  ;  but  with  the  lapse  of  time  he  may  regain  sufficient 
power  to  carry  out  all  these  actions,  and  yet  the  manner  in  which  they 
are  performed  shows  that  he  is  still  suffering  from  the  same  specific 
variety  of  aphasia. 

The  quantitative  aspect  of  these  disorders  of  speech,  on  which  von 
Monakow  has  so  repeatedly  insisted,  has  been  almost  universally  ignored. 
The  question  is  asked,  *'  Can  the  patient  understand  what  is  said  to  him, 
can  he  speak,  read  or  write?"  and  he  is  placed  in  one  or  other  group 
according  to  the  answer.  Each  such  categorical  combination  of  signs 
and  symptoms  is  then  erected  into  a  "  morbid  entity  "  or  "  syndrome  " 
(e.g.  "alexia"  or  "agraphia")  and  attempts  are  made  to  associate  it 
with  some  structural  change  in  a  particular  part  of  the  brain. 

No  records  are  obtained  of  the  depth  of  the  specific  affection  by 
means  of  tests  of  the  same  order  but  of  graduated  difficulty.  I  have 
already  given  examples  to  show  that  a  patient  can  exercise  some  parti- 
cular aptitude  in  a  simple  form,  but  fails  to  be  able  to  do  so  if  the  task 
is  rendered  more  complex.  Thus  it  is  useless  to  assert  only  that  he 
could  speak,  read  or  write  ;  we  must  inquire,  with  the  help  of  gradu- 
ated tests,  how  much  power  he  has  of  performing  these  acts. 

Moreover,  it  is  a  fundamental  error  to  look  upon  the  clinical  mani- 
festations at  any  one  moment  as  if  they  were  permanent  and  could  be 
directly  associated  with  demonstrable  anatomical  changes  in  a  restricted 
area  of  the  brain.  The  condition  of  the  patient  is  not  static ;  from  the 
physiological  point  of  view  every  case  must  be  regarded  as  a  disorder  of 
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function,  which  is  in  process  of  changing.  It  is  either  increasing  or 
decreasing  and  the  extent  and  severity  of  the  aphasia  may  fluctuate 
from  time  to  time. 

Most  patients  who  come  to  post-mortem  examination  are  for  this 
reason  entirely  unsuited  for  the  purposes  of  anatomical  localization. 
They  suffered  from  some  progressive  disease  of  the  brain  and  the  clinical 
signs  were  profoundly  influenced  by  the  widespread  functional  effects  of 
diaschisis. 

On  the  other  hand,  if  the  lesion  remains  completely  stationary  and 
mental  and  physical  vitality  are  high,  the  power  to  use  language  returns 
to  a  remarkable  degree.  Quiescent  anatomical  changes  are  associated 
with  a  gradual  restoration  of  function. 

But  anything  which  causes  neural  shock,  such  as  an  epileptiform 
attack,  or  even  the  lowered  vitality  consequent  on  fatigue  or  worry, 
profoundly  reduces  the  power  to  use  words.  This  may  pass  away  so 
rapidly  that  it  cannot  have  been  due  to  any  variation  in  the  gross 
structural  changes. 

By  bearing  these  principles  in  mind  we  are  able  to  compare  the 
severity  of  the  disturbance  of  function  in  any  two  patients  belonging  to 
the  same  class  of  aphasia  and  to  determine  the  degree  of  recovery  or 
deterioration  in  a  single  individual  at  different  periods.  Because  a  man, 
who  was  unable  to  read  or  write,  regains  his  power  to  carry  out  these 
acts,  there  is  no  reason  to  suppose  that  the  situation  or  extent  of  his 
cerebral  lesion  has  changed  materially.  The  clinical  manifestations 
may  have  altered  in  character  solely  in  consequence  of  the  diminished 
degree  to  which  some  particular  language  function  is  affected. 

(a)  A  Case  of  Acute  Verbal  Aphasia  followed  through  various  Stages  of 

Recovery. 

The  following  example  illustrates  the  effect  produced  on  the  mani- 
festations of  verbal  aphasia  by  the  acuteness  and  severity  of  the  distur- 
bance. So  little  permanent  injury  was  produced  in  this  patient  by  an 
operation  for  the  removal  of  an  intracranial  tumour  that  recovery  of 
function  was  rapid  and  could  be  recorded  by  means  of  graduated  tests. 

The  patient  (p.  430)  was  a  middle-aged  woman,  who  for  six  years  had 
suffered  at  rare  intervals  from  seizures  beginning  in  the  right  hand;  six 
of  these  were  sufficiently  severe  to  be  accompanied  by  loss  of  conscious- 
ness. From  time  to  time  she  had  also  had  slighter  attacks,  which 
began  with  a  "  numb  feeling  "  in  the  right  thumb  followed  by  involun- 
tary flexion  of  all  the  digits.     On  May  20,  1922,  she  experienced  these 
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symptoms  without  loss  of  consciousness ;  but,  after  the  seizure  was  over, 
she  was  alarmed  to  find  that  she  could  not  speak  for  several  hours. 

Ten  days  later,  when  she  first  came  under  my  observation,  speech 
was  perfect  and  I  could  find  no  abnormal  physical  signs  of  any  kind 
except  loss  of  the  reflexes  over  the  right  half  of  the  abdominal  wall. 

At  the  operation,  on  June  20,  a  smooth,  lobulated  growth  was 
exposed  springing  from  the  dura  mater  on  the  left  side ;  this  had 
severely  indented  the  substance  of  the  brain  in  the  region  where  the 
inferior  frontal  meets  the  precentral  fissure.  It  was  so  carefully 
extracted  by  Mr.  Wilfred  Trotter  that  not  the  smallest  fragment  of 
cortical  tissue  adhered  to  the  tumour  after  removal. 

This  operation  was  followed  by  complete  verbal  aphasia  and  flaccid 
right  hemiplegia,  accompanied  by  the  usual  changes  in  the  reflexes  on 
the  affected  half  of  the  body.  At  no  time  was  sensation  in  any  way 
affected. 

She  improved  rapidly  day  by  day  both  physically  and  in  her  powers 
of  speech.  Her  general  condition  was  so  unusually  good  that  I  was 
able  to  follow  her  recovery  by  means  of  serial  tests,  which  yielded 
invaluable  records  illustrating  the  relation  to  one  another  of  the  various 
acts  of  verbal  formulation  and  expression  and  of  the  order  in  which 
they  were  restored. 

At  first  she  was  speechless  except  for  "  yes  "  and  "  no,"  and  even 
"  no  "  was  at  times  wrongly  employed.  She  seemed  to  understand 
simple  orders,  but  frequently  failed  to  comprehend  the  full  significance 
of  questions  and  was  profoundly  puzzled  by  her  inability  to  express  her 
wants.  Told  to  touch  her  nose  or  give  her  hand  she  could  do  so,  but 
became  confused  if  I  specified  the  right  or  the  left. 

When  tested  on  the  seventh  day  with  a  set  of  familiar  objects  in  the 
usual  way,  she  could  point  to  the  one  on  the  table  which  corresponded 
to  that  she  had  seen  or  held  in  her  hand  out  of  sight ;  the  act  of 
matching  was  evidently  performed  with  ease.  She  also  chose  correctly^ 
though  more  slowly,  to  oral  commands  and  made  two  mistakes  only, 
when  the  order  was  given  in  the  form  of  a  printed  word.  She  named 
these  objects  in  ten  out  of  eighteen  attempts  and  most  of  her  failures 
were  due  to  defective  word  formation  ;  for  the  sounds  she  uttered  bore 
an  evident  relation  to  the  names  she  was  seeking.  When  she  attempted 
to  write  them  down  without  saying  them  aloud,  writing  and  spelling 
were  defective  ;  and  this  was  the  case  even  if  she  copied  the  words 
from  print.  But  she  was  able  to  repeat  them  after  me,  although  her 
articulation  was  imperfect.     Three  weeks  later  all  these  tests  could  be 
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carried  out.  but  she  still  had  difficulty  in  writing  down  the  names  of 
objects  shown  to  her ;  each  word  corresponded  to  the  usual  nomencla- 
ture, but  the  spelling  was  poor  and  the  letters  were  badly  formed, 
Four  months  after  the  operation  she  could  write  the  names  perfectly  ; 
but  this  test  was  the  last  of  the  group  to  show  complete  recovery. 

The  alphabet  formed  a  most  instructive  guide  to  the  order  in 
which  her  powers  of  verbal  formulation  and  expression  were  restored. 
On  the  seventh  day  after  the  operation  she  could  not  say  the  letters  in 
proper  sequence,  but  repeated  them  after  me  and  read  them  aloud 
correctly.  If  she  attempted  to  write  them  down  without  saying  them 
aloud,  many  were  badly  formed  and  the  order  was  imperfect.  Even 
when  the  letters  of  the  alphabet  were  displayed  before  her,  she  tended 
to  copy  them  in  capitals  and  could  not  translate  them  into  cursive 
script. 

Ten  days  later  she  said  the  alphabet  without  a  mistake.  But,  when 
I  gave  her  the  twenty-six  block  letters  and  asked  her  to  arrange  them 
in  order,  she  was  unable  to  do  so  ;  and  yet  she  could  read  them  per- 
fectly aloud.  She  transcribed  printed  capitals  into  cursive  handwriting 
very  imperfectly  and  wrote  the  alphabet  badly  even  to  dictation. 
Improvement  steadily  continued  and  four  months  after  the  operation 
she  could  execute  all  these  tests,  although,  when  she  wrote  spon- 
taneously or  copied  the  letters,  they  still  showed  slight  defects  of 
form. 

The  hand,  eye  and  ear  tests  not  only  gave  an  insight  into  the  nature 
of  her  defect  but  admirably  illustrated  the  mode  of  her  recovery.  At 
first,  although  she  obviously  understood  simple  statements,  she  was 
liable  to  become  confused  if  the  words  implied  an  order.  She  could 
touch  her  nose  with  her  right  or  left  hand,  but,  when  asked  to  bring 
one  or  other  into  contact  with  either  the  eye  or  the  nose,  she  frequently 
failed  to  do  so. 

On  the  tenth  day  after  the  operation  I  was  able  to  carry  out  a  more 
complete  series  of  tests  on  these  lines.  There  was  no  question  that  she 
now  understood  in  general  what  she  was  asked  to  do  ;  but  a  series  of 
oral  commands  to  touch  one  or  other  eye  or  ear  with  the  right  or  left 
hand  were  imperfectly  executed.  When  orders  were  given  in  print,  she 
failed  to  exactly  the  same  extent. 

She  had  not  the  slightest  difficulty  in  imitating  these  movements 
made  by  me,  if  they  were  reflected  in  a  mirror  ;  this  is  an  act  of  almost 
pure  imitation  as  far  as  this  form  of  aphasia  is  concerned.  But  sitting 
face  to  face  she  failed  in   eight  out  of  sixteen   attempts.      Asked  to 
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describe  my  movements  in  writing,  she  was  unable  to  do  so ;  she  put 
down  right  or  left  to  correspond  to  the  hand  I  had  used,  omitting  all 
indication  of  which  eye  or  ear  I  had  touched.  Moreover,  the  words 
were  badly  formed  and,  towards  the  end  of  this  series,  her  writing 
became  illegible. 

The  first  of  these  tests  to  show  recovery  was  her  response  to  oral 
commands,  which  were  correctly  carried  out  twenty-six  days  after  the 
operation.  At  this  time  printed  orders  were  imperfectly  executed. 
A  week  later  the  only  forms  of  this  test  in  which  she  failed  were 
imitation  of  my  movements,  sitting  face  to  face  and  writing  them  down 
on  paper.  Four  months  after  the  operation  the  latter  task  was  the  only 
one  that  was  not  performed  correctly. 

I  have  selected  these  three  groups  of  tests  for  comment,  because  the 
records  were  characteristic  of  the  mode  of  recovery  ;  all  the  other  serial 
methods  yielded  similar  results.  Each  task  suffered  according  to  the 
degree  of  verbal  formulation  and  expression  required  for  its  accurate 
performance.  Simple  matching  was  carried  out  perfectly  throughout ; 
she  chose  with  ease  the  object  corresponding  to  one  she  had  seen  or 
held  in  her  band  and  set  one  clock  in  accurate  imitation  of  another. 
Oral  commands  were  executed  slowly ;  she  chose  familiar  objects  cor- 
rectly, but  made  many  mistakes  with  the  more  complex  hand,  eye  and 
ear  tests.  The  power  of  doing  what  she  was  told  was  the  first  to 
recover,  because  orders  given  by  word  of  mouth  demand  little  spontaneous 
verbalization  ;  the  words  are  pronounced  by  the  observer  and  the  patient 
has  simply  to  remember  them  long  enough  to  execute  the  movements 
required.  Next  in  order  of  difficulty,  and  therefore  of  recovery,  came 
translation  of  printed  commands  into  action ;  for  here  the  w'ords  must 
first  be  deciphered  before  they  can  form  an  effective  order.  Imitation 
of  movements,  when  observer  and  patient  sit  face  to  face,  demands  a 
considerable  degree  of  accurate  verbal  formulation,  even  though  no 
word  is  spoken ;  this  test  was  therefore  severely  affected  and  was  not 
correctly  carried  out  until  a  late  stage  of  recovery.  To  write  down  such 
movements  implies  a  still  greater  power  of  symbolic  expression  and 
was  imperfectly  executed  even  four  months  after  the  operation.  In 
fact  writing  showed  the  most  persistent  defects,  apart  from  those  of 
enunciation. 

In  spite  of  rapid  and  profound  recovery  of  articulated  speech  these 
abnormalities  in  verbalization  were  still  obvious  to  the  end.  She  talked 
easily,  her  pronunciation  was  greatly  improved  and  the  pauses  occurred 
at  longer  intervals ;  yet,  in  principle,  the  defects  were  of  the  same  kind 
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as  before  and  she  was  conscious  that  her  speech  was   still  lacking  in 
freedom. 

In  this  severe  example  of  verbal  aphasia  the  acts  of  speaking,  reading 
and  writing  were  all  affected  at  first ;  even  the  power  of  understanding 
what  was  said  to  her  was  somewhat  disturbed.  As  she  regained  her 
capacity  to  use  language,  those  aptitudes  returned  first  which  were  least 
dependent  on  accurate  word  formation.  To  the  last,  however,  although 
she  recovered  her  power  to  speak,  to  read  and  to  write,  she  remained  a 
characteristic  instance  of  verbal  aphasia.  For  it  is  evident  that  the 
slight  difficulties  in  articulation  and  in  writing  which  remained  resulted 
from  a  want  of  facility  in  verbal  formulation  and  expression.  Clinically 
she  had  been  transformed  from  a  severe  example  of  this  disorder  into 
one  so  slight,  that  it  might  have  been  mistaken  on  less  complete 
examination  for  an  articulatory  disturbance  only. 

The  course  assumed  by  the  recovery  of  function  in  this  case  is  a 
striking  confirmation  of  von  Monakow's  description  of  the  order  in 
which  the  symptoms  pass  away  in  what  he  calls  "motor"  aphasia  ([9J 
p.  591).  First,  internal  speech  becomes  freer  and  the  comprehension  of 
spoken  or  written  words  may  return  completely.  Then  the  loss  of  power 
to  evoke  words  ("dumbness")  yields  gradually;  the  patient  learns  to 
utter  those  in  common  use  and  can  repeat  them  to  order.  But  speech 
is  uncertain,  the  voice  monotonous,  intonation  defective,  syllables  are 
slurred  and  there  is  a  tendency  to  perseveration.  Emotional  expressions 
are  uttered  with  greater  ease  and  certainty.  Then  follows  a  period  in 
which  short  sentences  evoked  spontaneously  and  words  in  common  use 
can  be  said  without  difficulty  ;  at  this  stage  the  patient  may  remain  for 
many  weeks  or  months. 

It  is  interesting  to  notice  that  the  physical  signs  followed  the  same 
rules  of  recovery  as  the  aphasia.  Those  parts  which  stood  least  in 
direct  relation  with  the  injured  parts  of  the  brain  were  the  first  to 
recover ;  thus,  power  returned  to  the  lower  extremity  within  four  days, 
whilst  the  movements  of  the  right  angle  of  the  mouth  were  not  restored 
until  a  fortnight  had  elapsed.  The  last  to  become  normal  was  the  reflex 
from  the  lower  half  of  the  abdomen  on  the  right  side,  the  only  sign  that 
was  defective  before  the  operation.  On  the  other  hand  it  is  an  impor- 
tant fact  that  sensation  was  never  affected  even  at  the  height  of  the  hemi- 
plegia ;  for  no  sensory  functions  stand  in  direct  or  indirect  relation  with 
parts  so  far  forward  in  the  brain  as  the  site  of  the  primary  lesion. 
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(b)   other  Examples  of  the   Clinical   Varieties  assumed  during 

Recovery. 

It  is  seldom  that  opportunity  occurs  to  watch  recovery  step  by  step 
from  so  acute  and  severe  a  form  of  aphasia.  But  several  of  my  patients 
with  gunshot  wounds  of  the  head  showed  profound  improvement  in  their 
capacity  to  perform  the  various  tests  during  the  period  they  were  under 
observation.  Each  different  disorder  of  language  led  to  some  distinct 
and  characteristic  form  of  abnormal  behaviour ;  but  the  clinical  mani- 
festations varied  greatly,  in  cases  belonging  to  the  same  specific  group, 
according  to  the  amount  of  the  disturbance  of  function. 

Shortly  after  the  injury  the  patient  may  be  grossly  aphasic  and 
unable  to  execute  the  serial  tests  without  mistakes.  With  return  of 
power,  the  records  steadily  improve  and  finally  recovery  can  take  place 
to  such  an  extent  that  he  is  able  to  speak,  to  read  and  to  write.  But, 
in  spite  of  this  profound  restoration  of  function,  defects  are  still  evident 
which  betray  the  nature  of  the  original  aphasia  ;  the  patient  is  conscious 
that  he  cannot  perform  all  acts  of  language  with  normal  ease  and  at  the 
same  time  the  observer  notices  a  definite  lack  of  freedom  in  some  aspect 
of  symbolic  expression.  The  characteristic  disorder  is  still  present  to  a 
minor  degree. 

Each  specific  form  of  aphasia  depends  on  a  predominant  disturbance 
of  certain  aspects  of  symbolic  formulation  and  expression.  As  recovery 
occurs  those  functions  are  first  restored  which  have  suffered  least,  and 
in  this  way  it  is  possible  to  obtain  a  further  conception  of  the  essential 
nature  of  each  variety  of  disorder  of  speech.  Moreover,  it  is  only  by 
watching  the  various  stages  of  recovery  that  we  are  enabled  to  under- 
stand those  "  partial  "  cases,  where  the  defects  in  the  use  of  language 
were  slight  from  the  beginning.  I  shall  therefore  select  one  example 
from  each  group  to  illustrate  the  changes  in  the  clinical  picture  produced 
by  recovery,  or  by  diminution  in  the  severity  of  the  affection. 

(1)  Verbal  aphasia. — No.  0  (p.  447)  was  at  first  speechless  and  silent  ; 
he  could  not  even  utter  "  yes  '"  and  "  no."  But  his  power  of  finding  words 
rapidly  improved  and,  in  less  than  a  month  after  he  was  wounded,  he  could 
say  the  alphabet  and  the  days  of  the  week,  although  both  letters  and  words 
were  extremely  badly  pronounced.  An  attempt  to  give  the  months  in 
order  led  to  a  string  of  incomprehensible  sounds. 

He  understood  what  was  said  to  him  and  commands  requiring  a  single 
choice  were  carried  out  accurately ;  thus,  he  had  no  difficulty  in  putting 
out  his  tongue,  shutting  his  eyes  or  giving  his  hand,  when  asked  to  do 
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SO.     But.  as  soon  as  two  of  tliese  orders  were  combined,   his  response 
became  hesitating  and  he  was  Hable  to  fall  into  error. 

Given  a  newspaper,  his  comprehension  of  the  printed  phrases  was 
obviously  defective ;  he  could,  however,  reproduce  accurately  the  simple 
words  of  the  man,  cat  and  dog  test. 

He  wrote  his  name  and  address,  but,  when  asked  to  direct  a  letter 
to  his  mother,  with  whom  he  lived,  failed  completely.  Writing  was 
grossly  afifected  and,  although  he  showed  considerable  power  of  putting 
down  on  paper  what  he  had  seen,  in  the  form  of  single  words,  he  was 
unable  to  write  consecutively.  Simple  phrases  were  badly  written 
to  dictation,  but  he  could  copy  them  from  print  in  cursive  hand- 
writing. 

This  severe  degree  of  aphasia  rapidly  passed  away,  and  seven  months 
after  the  injury  he  had  already  recovered  considerable  powers  of  speech. 
Verbal  formation,  still  obviously  defective,  was  betrayed  by  faulty 
enunciation  and  spelling.  When  he  attempted  to  say  the  alphabet 
spontaneously,  many  of  the  letters  were  nuispronounced  and  the  order 
in  which  he  gave  them  was  incorrect  ;  similar  faults  appeared  in  writing, 
and  he  could  not  even  construct  a  complete  alphabet  out  of  the  twenty- 
six  block  letters. 

It  is  not  surprising  that  writing  in  general  was  gravely  afifected ;  the 
form  of  the  words  was  faulty  and  his  errors  in  spelling  followed  the 
same  lines  as  his  defective  utterance.  In  fact,  spoken  words  and  written 
speech  showed  the  same  kind  of  faults. 

Throughout  all  the  tests,  simple  or  complex,  he  w^as  able  to  carry 
out  oral  commands ;  for,  during  this  method  of  evoking  a  choice,  the 
word  is  presented  ready  formed  by  the  examiner.  No  verljal  formula- 
tion is  necessary  on  the  part  of  the  patient ;  he  has  but  to  understand  and 
to  act  accordingly.  With  printed  commands  the  task  is  not  so  simple; 
he  is  compelled  to  read  the  words  before  he  can  convert  them  into  an 
effective  order.  Thus,  although  he  chose  common  objects  or  colours  and 
set  the  clock  correctly,  he  failed  with  the  more  complex  choice  of  hand, 
eye  and  ear. 

Seven  years  later  he  had  regained  his  power  of  carrying  out  all  the 
serial  tests  perfectly,  except  that  his  spelling  was  faulty ;  but  he  still 
remained  a  typical  example  of  verbal  aphasia.  He  hesitated  in  finding 
words  to  express  his  thoughts,  the  pauses  were  unduly  frequent  and 
prolonged,  and  enunciation  was  defective.  He  could  read  aloud  intelli- 
gibly, but  stumbled  over  the  longer  words  and  conjplained  that,  when 
reading  to  himself,  he  was  obliged  to  go  over  the  same    passage  twice 
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before  he  could  grasp  its  meaning.  For,  as  he  said  the  words  to  himsel 
silently,  he  was  liable  to  mispronounce  them,  and  this  confused  him 
and  destroyed  his  fluency.  In  the  same  way,  although  he  could  write 
an  excellent  letter  unaided,  he  was  slow  and  required  "plenty  of 
time.''  Asked  to  read  a  short  paragraph  and  to  put  down  on  paper 
what  he  had  gathered  from  it,  he  produced  a  coherent  though  some- 
what shortened  account ;  he  was  able,  however,  to  say  definitely  what 
he  had  omitted.  The  sequence  of  ideas  and  grammatical  structure 
were  good  ;  but  he  wrote  slowly  and  with  obvious  effort. 

The  only  tests  which  still  gave  a  definitely  abnormal  result  were 
those  with  the  alphabet.  Asked  to  say  the  letters  in  order,  the  sequence 
was  defective,  he  wrote  them  imperfectly,  and  even  hesitated  in  putting 
together  the  twenty-six  block  letters.  But  he  could  read  them  aloud, 
repeat  them  after  me  and  write  them  to  dictation. 

This  patient  was  a  characteristic  example  of  want  of  capacity  readily 
to  formulate  or  express  thought  in  words.  Articulated  speech,  and 
particularly  writing,  suffered  severely,  because  they  demand  accurate 
verbalization ;  they  were  the  last  acts  to  recover,  and  were  still  defective 
seven  years  after  the  injury.  In  the  earlier  stages  repetition  was 
disturbed  because  of  the  difficulty  in  remembering  the  form  of  words. 
On  the  other  hand,  oral  commands  could  be  carried  out  from  the  first ; 
for  in  all  such  tests  the  words  were  presented  to  the  patient  ready 
formed  by  the  examiner  and  could  be  understood  without  difficulty. 
Simple  printed  orders  were  well  executed,  but  not  the  complex  choice 
of  hand,  eye  and  ear  ;  for  this  demanded  accurate  reproduction  in  sound 
of  the  printed  symbols. 

(2)  Syntactical  aphasia. — Rhythm,  verbal  balance  and  grammatical 
structure  are  mamly  affected  in  this  form  of  aphasia  and,  when  I  first  saw 
No.  13  (cf.  p.  401)  his  speech  was  jargon.  He  talked  rapidly,  but  slurred 
the  words  and  tended  to  omit  articles,  conjunctions  and  prepositions.  His 
pronunciation  frequently  resembled  that  of  a  child  who,  though  fluent, 
has  not  learnt  to  form  its  phrases.  These  defects  of  enunciation  and 
syntax  frequently  became  so  gross  that  it  was  impossible  to  understand 
what  he  said.  If,  however,  he  was  made  to  talk  slowly  and  to  break 
up  his  answers  into  short  phrases,  words  emerged  used  correctly  and 
with  a  definite  meaning  ;  and  yet,  on  a  first  hearing,  he  seemed  to  be 
talking  incomprehensible  nonsense. 

The  rhythmic  beat  of  his  phrases  and  of  polysyllabic  words  was 
faulty  ;  he  could  not  "touch  oft''"  the  sounds  correctly  so  as  to  produce 
a  coherent  sequence  of  properly  articulated  words  or  syllables.     Simple 
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words  and  phrases,  such  as  those  of  the  man,  cat  and  do^  tests,  were 
repeated  after  me  better  than  he  could  say  them  spontaneously  in 
response  to  pictures.  But  with  longer  and  more  complex  sentences  he 
tended  to  become  confused  and  to  lapse  into  jargon,  even  during  the 
act  of  repetition. 

He  was  perfectly  familiar  with  the  names  of  common  objects,  and 
had  no  difficulty  in  evoking  isolated  words ;  but  his  mispronunciation  of 
the  less  usual  ones,  especially  if  they  formed  part  of  a  phrase,  rendered 
them  unintelligible  without  a  knowledge  of  the  context.  Thus  the 
names  he  gave  to  a  set  of  geometrical  figures  corresponded  to  their 
shape,  though  all  but  the  simplest  words  were  badly  pronounced. 

He  understood  what  was  said  to  him  and  chose  familiar  objects  or 
colours  correctly  when  asked  to  do  so.  He  even  set  the  clock  and 
carried  out  the  hand,  eye  and  ear  tests  without  fail  to  oral  commands. 

He  could  undoubtedly  comprehend  the  meaning  of  what  he  read  to 
himself  and  executed  printed  commands  perfectly.  But  it  is  impossible 
to  reproduce  exactly  the  sounds  he  emitted,  when  he  attempted  to  read 
aloud.  Each  sentence  was  said  "  in  one  breath  "  ;  then  after  a  momen- 
tary stoppage  he  dashed  off  again.  With  the  original  before  me  I  could 
recognize  the  words  he  was  saying,  but  many  of  them  approached  so 
closely  to  jargon  that  I  should  have  been  unable  to  do  so  without  this 
key. 

He  wrote  his  name  and  address  correctly,  and  composed  a  well- 
written  letter  to  his  mother.  Moreover,  he  put  down  on  paper  accurately 
the  names  of  common  objects  or  colours  and  the  time  shown  on  a  clock, 
omitting  the  word  "  minutes."  In  the  same  way,  when  writing  from 
pictures,  he  left  out  the  conjunctions  and  the  articles  and  reversed  the 
order,  reading  from  right  to  left  instead  of  in  the  normal  direction.  To 
dictation  he  wrote  extremely  badly,  reproducing  the  same  kind  of  errors 
that  was  so  evident  in  speaking.  But  he  copied  even  long  phrases 
and  paragraphs  perfectly. 

When  he  said  or  wrote  the  alphabet,  the  order  of  the  letters  was 
defective  ;  but  he  could  read  them  aloud  fairly  well  and  copied  them 
perfectly  in  cursive  handwriting.  Obviously  it  was  rhythm  rather  than 
form  that  was  most  severely  affected. 

Five  years  after  he  was  wounded,  he  had  recovered  sufficiently  to 
return  to  his  work  at  an  Insurance  Office.  He  was  supposed  to  be 
normal ;  but  the  defects  in  his  use  of  language,  though  less  severe,  were 
identical  in  character  with  those  discovered  on  my  first  examination. 
He  talked  rapidly  ;  single  words  were  well  pronounced  as  a  rule,  but  he 
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occasionally  shortened  those  of  more  than  one  syllable.  Speech  was 
jerky,  because  he  tended  to  omit  connecting  words.  Some  phrases  were 
run  off  glibly  ;  others  were  shortened  so  as  to  be  said  in  one  breath. 
When  a  word  was  mis-pronounced,  he  did  not  go  back  like  a  verbal  or 
nominal  aphasic,  but  dashed  on  in  the  hope  that  he  would  be  under- 
stood. If  checked  and  asked  to  repeat  what  he  said,  he  usually  became 
confused  and,  the  more  he  was  pinned  down  to  making  his  meaning 
clear,  the  worse  became  his  speech.  Moreover,  his  memory  for  the 
form  of  a  sentence  was  defective ;  if  he  did  not  say  it  at  once,  he  forgot 
the  words  of  the  phrase.  He  complained,  "  I  say  it  to  myself  and  it's 
gone  again  ;  don't  hold  it  long  enough." 

He  never  used  words  of  wrong  significance  and  the  names  he  gave 
to  familiar  objects  and  to  colours  were  accurate ;  but  those  of  more  than 
one  syllable,  such  as  orange  and  violet,  were  badly  pronounced. 

He  understood  what  was  said  to  him  and  carried  out  oral  commands 
perfectly,  provided  they  did  not  demand  the  power  of  recalling  some 
phrase  of  considerable  length.  When  sent  on  a  message  from  one 
department  of  the  office  to  another,  he  could  perform  his  task  with 
ease,  if  he  did  not  think  about  it ;  but  if,  as  he  went  along,  he  said  the 
message  over  to  himself  silently,  he  could  not  deliver  it  clearly  and  his 
speech  became  confused.  Owing  to  insecurity  in  phrasal  formulation 
and  expression,  it  was  difficult  for  him  to  go  back  over  the  ground  freely 
at  will,  either  aloud  or  in  silent  thought,  and  he  avoided  every  occasion 
that  compelled  him  to  do  so. 

He  carried  out  all  forms  of  printed  command  accurately,  provided 
the  text  remained  before  him  for  reference.  But,  when  translating 
pictures  into  words,  as  during  the  man,  cat  and  dog  tests,  he  still 
tended  to  read  them  from  right  to  left  instead  of  in  the  normal 
direction. 

He  wrote  with  great  rapidity  and  apparent  ease  :  single  words  were 
usually  written  correctly,  but  he  tended  to  shorten  the  phrases  and 
complained,  "  When  find  it  difficult  to  pronounce  a  word,  it  much 
harder  to  write."  Writing  to  dictation  was  still  troublesome  to  him, 
although  he  copied  perfectly. 

In  spite  of  the  comparative  ease  with  which  he  could  now  speak, 
read  and  write,  he  still  failed  to  carry  out  some  of  the  simple  tests  with 
the  alphabet.  He  had  recovered  his  power  of  saying  or  reading  the 
letters  aloud  and  was  able  to  copy  them  accurately ;  but  he  could  not 
write  them  down  in  order  or  arrange  the  block-letters  in  sequence. 

He  still  made  mistakes  in  imitatmg  movements  made  by  me  when  we 
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sat  face  to  face,  or  in  carrying  them  out  in  response  to  a  picture  held  in 
his  hand.  He  complained.  "  Your  sitting  opposite  to  me,  that  helps 
make  the  thing  a  hit  mystery.  Say  to  myself,  then  it's  gone  again  ;  I 
lost  it,  don't  hold  it  long  enough."'  But  he  found  no  difficulty  in 
imitating  either  my  actions  or  those  represented  pictorially  provided 
they  were  reflected  in  a  mirror.  Asked  whether,  under  such  conditions, 
he  said  them  to  himself,  he  replied  "  No,  simply  come  autonjatically  ; 
quite  simple.  " 

For  ordinary  purposes  this  patient  was  a  normal  man  and  had 
recovered  to  a  great  extent  his  powers  of  speaking,  reading  and  writing. 
Yet  he  still  showed  a  profound  disturbance  of  rhythm  and  syntax.  His 
capacity  to  form  correct  and  well  balanced  phrases  was  diminished  and 
even  single  words  of  more  than  one  syllable  were  wrongly  stressed  or 
shortened.  The  qualitative  aspect  of  his  affection  of  speech  was 
unchanged  and,  in  spite  of  the  amount  to  which  he  had  recovered,  he 
still  remained  a  characteristic  example  of  syntactical  aphasia. 

(3)  JSominal  aphasia. — No.  7  (p.  478)  was  wounded  on  October  15, 
1917,  and,  when  he  came  under  my  care  nearly  six  weeks  later,  was  so 
grossly  aphasic,  that  it  was  impossible  to  obtain  from  him  any  coherent 
information.  The  few  words  he  uttered  were,  however,  comprehensible, 
and  if  he  succeeded  in  producing  a  short  phrase  the  syntax  was  perfect 
and  the  syllables  were  touched  off  correctly.  But  he  could  not  express 
himself  either  in  speech  or  in  writing,  and  had  obvious  difhculty  in 
discovering  a  method  of  formulating  his  meaning.  Throughout,  the 
character  of  his  disabilities  remained  the  same,  although  he  rapidly 
regained  sufficient  facility  to  allow  of  more  extensive  observations. 

He  failed  to  say  his  name  and  address  or  the  days  of  the  week  and 
the  months  correctly.  He  could  not  name  familiar  objects  and  colours 
and  was  unable  to  tell  the  time  shown  on  the  face  of  a  clock.  His  power 
of  repetition  was  gravely  affected,  though  the  sounds  he  uttered  usually 
bore  some  remote  resemblance  to  the  words  said  by  me. 

He  showed  obvious  defects  in  comprehending  the  significance  of 
spoken  words  and  phrases.  Oral  commands  were  badly  executed ;  he 
chose  common  objects  or  colours  after  great  hesitation,  and  frequently 
gave  up  the  attempt  altogether.  He  failed  to  set  the  hands  of  a  clock, 
carried  out  the  coin-bowl  test  badly,  and  made  many  mistakes  in  the 
more  complex  choice  between  hand,  eye  and  ear.  Simpler  commands 
of  the  same  kind  were  performed  with  one  exception  correctly,  showing 
that  he  still  retained  some  power  of  appreciating  verbal  significance. 
He   had  considerable    difficulty  in    understanding    the    meaning  of 
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single  words  put  before  him  in  print  and  selected  familiar  objects  and 
colours  slowly  with  obvious  effort.  He  set  the  clock  badly  to  printed 
commands,  confusing  "  past "  and  "  to  "  the  hour.  In  the  same  way 
he  failed  to  place  the  proper  coin  into  the  right  bowl  and  made  many 
mistakes  with  the  more  complex  hand,  eye  and  ear  tests.  Even  simple 
orders,  such  as  "  Shut  your  eyes,"  "  Put  out  your  tongue  "  were  mis- 
understood, when  given  in  print. 

Shown  any  two  pictures  of  the  man,  eat  and  dog,  he  found  difficulty 
in  evoking  the  names  correctly.  If  he  attempted  to  read  these 
monosyllabic  phrases  from  print,  the  results  were  even  worse  and  he 
struggled  ineffectually  to  find  the  correct  expressions.  Asked  to  read 
aloud  the  orders  of  the  coin-bowl  test,  he  converted  them  all  into 
numbers  and  "  the  second  into  the  third  "  became  "  two  into  three  "  ; 
but  even  this  simplification  did  not  materially  improve  his  answers. 

With  great  effort  he  succeeded  in  writing  his  name  imperfectly, 
but  he  could  not  add  his  address  and  failed  entirely  to  compose  a  letter. 
He  was  unable  to  write  down  the  name  of  any  of  the  colours  shown 
to  him  and  transcribed  the  time  badly,  although  he  employed  numbers 
only.  Writing  to  dictation  was  almost  impossible  ;  but  he  was  able  to 
copy  correctly,  using  cursive  script,  interrupted  occasionally  by  irrelevant 
capitals. 

These  defects  came  out  clearly  when  he  was  tested  with  the 
alphabet.  Asked  to  say  the  letters  in  order  he  was  unable  to  go 
beyond  H  ;  he  repeated  them  after  me  slowly  with  obvious  effort,  but 
read  them  aloud  almost  correctly.  He  was  unable  to  write  them 
spontaneously  ;  had  great  difficulty  when  they  were  dictated,  but  could 
copy  them  in  capitals. 

He  found  it  almost  impossible  to  state  the  relative  value  of  any  two 
coins  placed  before  him.  Yet  in  spite  of  his  confused  replies,  he 
undoubtedly  recognized  their  monetary  value,  provided  he  was  not  com- 
pelled to  express  the  relation  of  the  one  to  the  other  in  words ;  for  he 
was  able  to  put  together  the  equivalent  of  any  one  of  them  from  amongst 
a  heap  of  money  on  the  table. 

Drawing  to  order  was  grossly  affected.  He  drew  an  elephant 
without  trunk,  tusks,  eye  or  ear,  and  was  unable  to  produce  a  ground- 
plan  of  the  ward  in  which  he  lay  ;  and  yet  he  could  indicate  one  by  one 
the  position  of  the  various  objects  visible  from  his  bed. 

Nearly  five  years  after  he  was  wounded  I  again  had  the  opportunity 
of  making  a  further  complete  series  of  observations  and  was  able  to 
estimate  the  extent  to  which  he   had   recovered.       His  power  to  use 
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ill!  forms  of  language  had  improved  profoundly  ;  but  although  he  could 
speak,  read  and  write,  he  remained  as  definite  an  example  of  nominal 
aphasia  as  before. 

He  managed  to  execute  correctly  all  the  serial  tasks  in  which  he 
had  failed  so  lamentably  during  the  six  months  following  his  injury.  He 
could  name  common  objects  and  colours,  tell  the  time  precisely,  and 
carry  out  oral  and  printed  commands.  But  closer  examination  showed 
that  any  test,  which  demanded  prompt  nominal  formulation  or 
recognition  of  differences  in  meaning  between  two  or  more  words 
and  phrases,  was  performed  slowly  and  with  some  difficulty.  An  oral 
or  printed  order  given  in  a  single  word  was  executed  quickly  ;  but  he 
hesitated,  and  was  much  less  certain  in  his  response  if  it  necessitated 
accurate  appreciation  of  the  complex  phases  of  the  hand,  eye,  and  ear 
tests.  Above  all,  however,  he  found  trouble  in  writing.  He  could 
write  his  name  and  address  and  compose  a  short  letter  with  some 
effort  and  expenditure  of  time ;  but,  when  he  wrote  the  name  of 
common  objects,  the  words  might  be  badly  spelt,  and  in  his  letter  to 
me  capitals  were  interspersed  amongst  the  cursive  handwriting  in  an 
arbitrary  manner.  He  said :  "  Well,  the  .  .  .  the  writing  or 
spelling  is  the  worst  for  me     .     .     .     any  long  words  I  can't  say." 

These  faults  were  obvious,  when  he  was  tested  with  the  alphabet. 
Although  he  was  a  good  scholar  before  he  was  wounded,  he  was  still 
unable  to  say  the  letters  spontaneously  in  order,  and  made  similar  errors 
in  writing  them  down  on  paper.  He  could  write  them  to  dictation  and 
copy  them  from  print ;  but  in  both  cases  he  tended  to  lapse  from 
cursive  script  into  capitals.  He  even  found  difficulty  in  putting 
together  the  twenty-six  block  letters.  But  he  could  read  and  repeat 
the  alphabet  perfectly. 

His  powers  of  speech  were  obviously  defective  to  the  ear  of  an 
observer,  and  he  himself  complained  that  he  had  difficulty  in  finding 
names  and  that  this  confused  him.     He  said  :  "I  can  say  the  names 

.  unless  they  might  be  .  .  .  or  .  .  .  big  words  . 
big  names  ...  or  I  can  say  them  all  if  I  have  a  good  look  at 
them  .  .  .  read  them  over  .  .  ,  have  a  good  look  at  them  and 
say  them  over."  He  did  not  make  repeated  attempts  to  find  the  right 
sound  of  some  word  he  had  articulated  badly,  but  paused  as  if  he  had 
been  unable  to  express  his  meaning.  Syntax  and  grammatical  con- 
struction were  not  otherwise  affected.  These  difficulties  were  equally 
evident  when  he  attempted  to  formulate  to  himself  the  significance  of 
what  he  had  heard  or  read. 
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He  had  recovered  his  power  to  draw  an  elephant  to  command,  but 
was  still  unable  to  construct  a  ground-plan  of  the  room  in  which  we 
worked.  If,  however,  I  drew  a  quadrilateral  on  paper,  and  asked  him 
to  indicate  the  position  of  each  object  in  turn,  he  did  so  accurately. 
He  knew  where  they  were,  but  could  not  relate  them  to  one  another. 

He  was  able  to  state  the  relative  value  of  two  coins  correctly,  but 

added :    "  It  used  to  be  awful     ...     I  couldn't   count   the    change 

.     not    correctly     .     .     ,     it   is   much   better     .     .     .     now  and 

again    I    make    mistakes     ...     if    I    try    to    do    it    quick,   I    make 

mistakes." 

This  man  had  recovered  to  a  considerable  degree  his  power  of  using 
language  and  could  speak,  read  and  write  sufficiently  to  carry  out  all 
the  serial  tests.  But  in  spite  of  this  profound  restoration  of  function 
he  still  remained  a  characteristic  example  of  nominal  aphasia. 

(4)  Semantic  aphasia. — No.  8  (cf,  p,.  415)  was  wounded  on  June  4, 
1916,  and  came  under  my  care  a  month  later.  At  that  time  he  was 
inteUigent,  but  his  memory  was  extremely  poor  and  he  easily  became 
fatigued  by  any  mental  effort.  He  could  talk  and  write,  although  he 
complained  that  he  was  not  able  to  "  reason  things  out  "  or  keep  his 
mind  on  what  he  thought  or  read. 

It  was  not  until  seventeen  weeks  after  his  injury  that  I  was  able  to 
carry  out  a  complete  series  of  tests.  Articulated  speech  was  unaffected  ; 
the  words  were  well  formed  and  the  grammatical  structure  of  the 
sentences  was  perfect.  He  could  count  and  say  the  alphabet,  the  days 
of  the  week  and  the  months  in  due  order.  He  repeated  them  after  me 
exactly,  without  a  mistake.  Nothing  abnormal  could  be  noticed  in 
ordinary  conversation  beyond  a  tendency  to  become  confused  and  to 
forget  what  he  wanted  to  say.  He  had  no  difficulty  in  comprehending 
the  meaning  of  single  words,  or  even  of  short  phrases,  choosing  common 
objects  and  executing  the  hand,  eye  and  ear  tests  correctly  to  oral 
commands. 

In  the  same  way  he  understood  and  carried  out  a  printed  order 
given  as  a  single  word  or  even  in  a  sentence  of  some  complexity.  But, 
when  asked  to  retail  the  meaning  of  a  paragraph  selected  from  a  book 
ornewspaper,  he  shortened  down  the  contents,  saying,  "  I  find  difficulty 
in  grasping  the  general  idea  of  the  thing  ;  in  reading  the  newspaper  I 
have  to  letter  out  each  thing  and  it  does  not  convey  so  much  to  me  as 
it  should." 

He  wrote  his  name,  address  and  the  letters  of  the  alphabet  spon- 
taneously and  put  together  a  short  account  of  the  events  of  his  last 
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Medical  Board,  which  was  coherent  and  contained  no  verbal  errors. 
If.  however,  he  attempted  to  reproduce  in  writing  some  passage  he  had 
read  silently,  he  eliminated  many  of  the  details,  complaining  that  he 
failed  to  obtain  the  "  general  idea."  He  wrote  easily  to  dictation,  but 
said,  *'  I  can't  be  sure  if  I've  written  it  rightly  or  not." 

Thus  the  crude  acts  of  speaking,  reading  and  writing  were  not 
materially  affected  ;  he  could  understand  what  was  said  to  him  and 
carry  out  most  oral  and  printed  commands.  But  he  was  liable  to  fail 
in  any  task  which  demanded  for  its  performance  precise  formulation  and 
expression,  in  words  or  action,  of  a  general  aim  and  intention.  Thus,  he 
had  difficulty  in  reproducing  in  speech  or  writing  the  full  significance 
of  a  passage  he  had  read  to  himself;  he  could  remember  isolated  details, 
but  could  not  arrange  them  in  order  so  as  to  convey  their  general 
meaning. 

Like  all  aphasics  of  this  class,  the  clock  tests  gave  him  relatively 
the  greatest  trouble  ;  for,  althou(^h  he  could  tell  the  time  and  express  it 
in  writing,  he  was  unable  to  set  the  hands  correctly  to  oral  or  printed 
commands.  Moreover,  he  hesitated  and  was  uncertain,  even  when 
setting  a  clock  in  direct  imitation  of  one  placed  before  him ;  he  would 
move  one  or  other  hand  all  round  the  face  to  reach  a  position,  which 
might  have  been  attained  by  a  slight  backward  displacement.  Although 
in  the  end  his  response  might  be  correct,  he  did  not  foresee  and  adopt 
the  easiest  method  of  reaching  the  goal. 

For  similar  reasons,  during  the  hand,  eye  and  ear  tests,  he  failed 
even  to  imitate  my  reflected  movements.  Usually  this  is  extremely 
easy,  because  the  action  to  be  performed  by  the  patient  corresponds 
exactly  to  that  of  the  observer  as  seen  in  the  mirror.  But,  like  most 
semantics,  No.  8  tried  to  reason  out  what  he  was  required  to  do  and 
repeatedly  came  to  a  false  conclusion.  He  grew  confused  and  some- 
times imitated  me  directly,  whilst  at  other  times  he  reversed  his  move- 
ments, as  if  we  had  been  sitting  face  to  face.  Precisely  the  same  mistakes 
occurred  when  he  attempted  to  carry  out  these  acts  from  pictures 
reflected  in  the  glass. 

Arithmetic  gave  him  considerable  trouble  and,  in  spite  of  his  educa- 
tion, he  made  several  mistakes  in  the  simplest  addition  and  subtraction 
sums. 

He  had  no  difficulty  in  naming  any  coin  shown  to  him  ;  but,  when 
any  two  were  placed  before  him,  he  could  not  express  their  relative 
value  with  certainty.  This  led  to  much  confusion  in  the  monetary 
transactions  of  daily  life. 
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A  simple,  straightforward  picture  was  appreciated  readily;  but,  as 
soon  as  it  conveyed  a  command,  he  failed  to  recognize  its  full  signifi- 
cance. So  long  as  the  point  of  a  joke  was  comprised  within  the  limits 
of  a  picture,  he  could  understand  it ;  if,  however,  for  its  complete  com- 
prehension, he  was  compelled  to  combine  the  picture  with  a  printed 
legend,  he  failed  to  recognize  its  full  meaning. 

He  had  always  been  extremely  fond  of  drawing  and  possessed  a 
considerable  reputation  in  his  family  for  his  sketches  ;  but  since  he  was 
wounded  this  faculty  had  deserted  him.  Asked  to  draw  an  elephant  he 
moved  his  pencil  aimlessly,  saying,  "I  can't  get  the  idea."  Ultimately 
he  succeeded  in  drawing  a  figure  with  an  eye,  tusks  and  four  legs,  but 
he  omitted  the  trunk. 

All  sense  of  direction  was  lost  and,  although  he  could  find  his  way 
about  the  house,  he  complained,  "  I  haven't  a  clear  idea  of  the  whole 
house,  how  one  room  opens  into  another  and  that  sort  of  thing." 

When  at  table  he  found  difiiculty  in  picking  out  the  object  he 
required,  such  as  the  milk  jug.  In  the  same  way,  during  his  prepara- 
tions for  shaving,  he  could  not  collect  the  things  he  required  and,  when 
the  slides  on  his  belt  were  displaced,  was  unable  to  think  how  to 
restore  them  to  their  right  position. 

As  might  have  been  expected,  all  games  were  impossible  and  he 
failed  to  put  together  the  portions  of  a  puzzle.  "  I  could  see  the  bits," 
he  said,  "  but  I  could  not  see  any  relation  between  them  ;  I  could  not 
get  the  general  idea." 

This  patient  improved  profoundly,  and  six  years  after  the  first 
examination  could  carry  out  all  the  serial  tests  without  a  mistake. 
But  he  still  showed  in  a  minor  degree  all  those  disabilities  which  had 
made  him  so  characteristic  an  example  of  semantic  aphasia ;  for, 
although  his  replies  were  correct,  those  actions  in  which  he  had  failed 
during  the  earlier  stages  were  still  performed  slowly  and  with  hesita- 
tion. Thus  he  could  tell  the  time  quickly  and  write  it  down  with 
comparative  ease,  but  was  less  certain  when  setting  the  clock  to  oral 
or  printed  commands  ;  it  was  this  group  of  tests  that  had  given  him 
trouble  at  first.  On  the  contrary,  during  the  choice  of  hand,  eye  and 
ear,  he  had  no  diifliculty  with  orders  given  by  word  of  mouth  or  in 
print,  but  was  slow  in  imitating  movements  made  by  me  sitting  face 
to  face  or  shown  on  a  picture  held  in  his  hand.  For  it  was  in  these 
tests  more  particularly  that  he  failed  during  the  first  five  years. 

He  still  showed  extraordinary  want  of  power  to  co-ordinate  detail 
in   thought   and   action ;    this   easily  led  to  confusion  and  made   him 
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appear  stupiil.  in  spite  of  his  general  intelligence  and  education.  Thus, 
he  wrote  down  beforehand  a  series  of  questions  with  regard  to  his 
future  plans,  but  could  not  correlate  my  reply  to  each  one  in  turn  with 
that  to  the  subsequent  question  on  his  list.  I  was  forced  to  let  him 
ask  all  his  questions  seriatim  and  then  to  answer  the  whole  of  them  in 
a  single  statement,  which  he  wrote  down  to  dictation.  He  had  regained 
his  power  of  carrying  out  simple  arithmetical  exercises,  and  on  a 
journey  to  the  East  managed  his  pocket  money  and  kept  accounts  of 
his  personal  expenditure.  But  he  could  not  estimate  the  amount  of 
money  required  for  an  expedition  and  was  unable  to  decide  on  routes  or 
look  up  the  trains  ;    these  he  was  forced  to  leave  to  his  companion. 

Here  again  the  patient  recovered  his  power  of  speaking,  reading, 
writing  and  carrying  out  all  the  serial  tests  ;  and  yet  he  still  found 
difficulty  in  comprehending  and  retaining  the  general  intention  of  a 
task  set  him,  or  of  formulating  to  himself  the  goal  of  some  action  he 
was  about  to  perform. 

Chapter  III. — The  Anatomical  Site  of  the  Lesion  in  some 
Traumatic  Cases  of  Aphasia. 

Such  are  the  views  to  which  I  have  been  led  by  the  study  of 
selected  cases  of  aphasia  and  kindred  disorders  of  speech.  It  now 
remains  to  discover  what  relation  the  site  of  the  lesion,  when  it  can  be 
determined,  bears  to  the  clinical  manifestations.  An  ideal  example  for 
this  purpose  would  be  a  chronic  aphasic  in  the  prime  of  life,  who,  after 
thorough  examination  at  frequent  intervals,  had  died  from  some  cause 
unconnected  with  the  central  nervous  system.  One  such  example 
came  under  my  notice,  but  unfortunately  an  autopsy  was  "refused. 

We  must  therefore  be  content  for  the  present  with  the  less  satis- 
factory material  provided  by  gunshot  wounds  and  the  removal  of  non- 
malignant  tumours.  From  an  anatomical  point  of  view  these  injuries 
are  of  less  localizing  value  than  cases  in  which  a  complete  microscopical 
examination  could  be  carried  out.  But,  on  the  other  hand,  such  patients 
as  I  have  used  in  this  research  are  of  infinitely  greater  scientific  interest 
for  determining  the  exact  nature  of  the  phenomena  during  life,  than 
those  broken-down  wrecks  in  whom  disease  was  terminated  by  death- 
These  young  men  with  gunshot  wounds  of  the  head  were  in  the  prime 
of  youth  and  their  defects  of  speech  and  other  symptoms  were  on  the 
mend  ;  they  could  be  exposed  to  long  continued  observations,  which 
would  have  been  impossible  in  the  case  of  an  ordinary  aphasic  suffering 
from  the  diffuse  effects  of  organic  disease. 
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Moreover,  in  all  attempts  to  associate  a  lesion  of  the  brain  with 
some  form  of  loss  of  function,  we  must  always  bear  in  mind  the  effects 
of  diaschisis.  A  small  area  of  destruction  of  tissue  can  produce  profound 
and  widespread  defects,  if  the  lesion  is  acute  or  progressive.  On  the 
other  hand  a  much  larger  loss  of  substance  may  cause  a  comparatively 
trivial  disturbance,  provided  it  is  of  old  standing,  slow  onset  and  has 
occurred  in  an  otherwise  healthy  brain. 

Many  gunshot  injuries,  which  produced  clinical  manifestations  of 
great  interest,  were  too  diffuse  to  throw  any  light  on  the  relation 
between  the  site  of  the  lesion  and  the  nature  of  the  disturbance  of 
speech.  But  amongst  my  cases  were  a  small  number  which  seemed  to 
bear  on  this  question  and  these  I  shall  consider  in  closer  detail  in  the 
following  pages. 

§  1. — Methods  emploijed  for  determining  the  Position  of  the 
Cerebral  Injury. 

In  every  instance  of  an  injury  to  the  head  which  came  under  my 
care  during  the  war,  the  relative  extent  and  shape  of  the  wound  were 
recorded  on  a  set  of  diagrams  showing  the  head  from  different  aspects. 
An  X-ray  photograph  was  taken  from  the  front  and  from  the  side  and 
in  many  cases  stereoscopically,  especially  where  we  desired  to  localize 
the  position  of  some  foreign  body  in  the  substance  of  the  brain. 

Measurements  were  made  according  to  the  following  plan.  The 
distance  from  the  root  of  the  nose  to  the  external  occipital  protuberance 
along  the  middle  of  the  scalp  was  recorded  in  centimetres  and  the 
point  determined  at  which  it  was  cut  by  the  interaural  line.  Then  the 
position  of  the  wound  was  mapped  out,  its  diameters  measured  and  the 
distance  of  its  various  parts  determined  in  relation  to  the  nasion-inion 
line  and  the  middle  of  the  scalp. 

After  the  wound  had  healed,  the  head  was  subjected  to  another 
complete  examination,  to  determine  the  extent  to  which  bone  had  been 
lost  and  the  condition  of  the  parts  that  covered  the  opening  in  the 
skull. 

If  an  operation  was  performed,  I  was  invariably  present  to  record 
its  nature,  the  parts  removed  and  any  indications  that  could  be  used  for 
cerebral  localization.  Such  autopsies  in  the  living  often  furnish  evidence 
of  the  greatest  value. 

In  order  to  determine  the  exact  site  of  these  brain  injuries,  I 
attempted  to  reconstruct  them  on  the  cadaver.  For  this  purpose  I 
applied  for  help  to  Professor  Elliot  Smith,  who  not  only  placed  all  the 
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resources  of  his  Anatomical  Institute  at  niy  disposal,  but  poured  out  for 
me  his  unique  knowledge  and  experience  of  cerebral  topography.  I 
cannot  sufficiently  thank  him  and  his  assistants,  Dr.  Shellshear,  Dr. 
John  Hunter  and  Dr.  Tudor  Jones  for  the  enthusiastic  manner  in 
which  they  helped  and  guided  me  in  my  difficult  and  laborious  task. 

The  method  we  adopted  was  as  follows.  The  head  of  a  male  body 
was  selected,  which  corresponded  as  nearly  as  possible  in  its  measure- 
ments to  that  of  the  patient,  whose  wound  we  intended  to  localize. 
The  exact  extent  of  the  loss  of  bone  was  marked  out  on  the  scalp  and 
holes  were  drilled  through  the  skull  to  mark  its  dimensions.  Through 
these  a  coloured  fluid  was  passed  with  a  small  brush  to  fix  the  relation 
of  the  bony  opening  to  the  surface  of  the  brain.  Then  the  skull-cap 
was  removed  and  a  cast  taken  of  its  inner  surface.  This  gave  us  a 
solid  reproduction  of  the  brain,  covered  by  its  membranes,  on  which 
were  indicated  the  limits  of  the  external  wound.  The  situation  and 
course  of  the  principal  fissures  were  determined  by  careful  dissection 
and  drawn  on  the  cast.  Thus  we  finally  obtained  a  record  of  the  area 
occupied  by  the  wound  on  the  surface  of  the  brain,  together  with  its 
extent  in  relation  to  the  main  landmarks  of  cerebral  topography. 

Fortunately  the  size  of  the  head  in  these  patients  fell  into  a  com- 
paratively small  number  of  groups  ;  by  selecting  cases  where  the 
wounds  were  far  apart,  and  by  employing  both  halves  of  the  brain  in 
each  cadaver,  we  were  able  to  reduce  the  expenditure  of  bodies  within 
reasonable  limits.  But  none  the  less  I  cannot  sufficiently  express  my 
thanks  to  Professor  Elliot  Smith  for  his  open-handed  generosity. 

§  2. — TJie  Site  oj  the  Lesion  in  various  Forms  of  Aphasia  due  to 
Gunshot  Injuries  of  the  Skull. 

(a)    Verbal  Defects. 

No.  (3  ^  (see  fig.  1)  formed  an  excellent  case  for  our  methods  of  anato- 
mical localization.  For  the  wound  was  an  almost  vertical  cut  in  the 
left  temporal  region,  5  cm.  in  length,  penetrating  all  the  tissues,  includ- 
ing the  bone.  The  dura  mater  was  laid  bare  in  its  deepest  part,  but 
the  brain  substance  was  not  exposed.  There  was  no  widespread 
fracture  of  the  skull  and  healing  was  complete  in  thirty  days.  No 
operation  was  performed  at  any  time. 

The  upper  end  of  this  linear  incision  was  5'5  cm.  from  the  middle 
of  the  scalp  and  14  cm.  behind  the  root  of  the  nose ;  it  lay  0"5  cm. 

'  Fully  reported  in  the  Appendix,  p.  447. 
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anterior  to  the  interaural  line,  whilst  its  extreme  lowest  point  was 
3  cm.  in  front.  The  whole  nasion-inion  measurement  was  34*5  cm. 
and  this  was  intersected  at  14"5  cm.  by  the  interaural  line. 

When  this  wound  was  plotted  on  the  brain  of  a  skull  with  approxi- 
mately the  same  measurements,  it  was  found  to  lie  over  the  anterior 
portion  of  the  precentral  gyrus,  extending  downwards  onto  the  inferior 
frontal  convolution. 


Fig.  1. 


On  admission  to  the  London  Hospital  four  days  after  he  was 
wounded,  this  patient  was  speechless,  but  he  soon  began  to  make 
articulate  noises,  which  seemed  at  first  to  bear  no  relation  to  the 
words  he  was  striving  to  pronounce.  He  could  neither  say  his  name 
spontaneously  nor  repeat  it  after  me.  His  power  of  finding  words 
rapidly  improved  during  the  first  month,  although  throughout  it  was 
verbal  structure  and  not  nomenclature  that  formed  his  main  difficulty. 

He  could  understand  what  was  said  to  him,  and  commands  exact- 
ing a  single  choice  were  carried  out  accurately,  but,  as  soon  as  two 
of  these  orders  were  combined,  his  response  became  slow  and  hesitating. 
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Comprehension  of  printed  phrases  was  obviously  defective.  He  wrote 
his  name  and  address  correctly,  but  not  that  of  his  mother  with  whom 
he  hved.  When  he  attempted  to  record  the  names  of  objects  he  saw 
from  the  window,  the  words  showed  the  same  kind  of  structural 
faults  as  his  articulation.  Simple  phrases  were  badly  written  to 
dictation,  but  he  could  transcribe  print  into  cursive  handwriting.  He 
counted  with  extreme  difficulty,  although  he  wrote  the  numbers  up  to 
*21    correctly. 

When  examined  more  closely,  five  months  after  the  injury,  he  still 
had  great  difficulty  in  verbalization.  The  words  were  badly  formed 
and  expressed  with  difficulty,  although  they  corresponded  in  nominal 
significance  to  what  he  wanted  to  say.  He  did  not  employ  wrong  words 
and  his  power  of  naming  was  perfectly  preserved. 

He  understood  what  was  said  to  him  and  carried  out  oral  commands 
slowly,  but  on  the  whole  correctly. 

His  power  of  comprehending  the  meaning  of  what  he  read  to 
himself  was  undoubtedly  good,  and  he  carried  out  printed  commands 
with  several  corrections,  though  few  actual  errors.  As  soon  as  he  was 
permitted  to  read  them  aloud,  his  responses  became  perfect,  for  the 
sound  of  the  words  formed  a  self-given  oral  command. 

Associated  with  these  disorders  of  verbal  formulation  and  expression 
he  showed  no  abnormal  physical  signs  in  the  nervous  system,  except 
a  transitory  weakness  of  the  right  half  of  the  lower  portion  of  the  face 
and  some  deviation  of  the  tongue  to  the  right.  All  the  reflexes,  including 
the  abdominals  and  plantars,  were  normal  ;  there  was  no  affection  of 
motion,  no  incoordination,  no  disorder  of  sensation,  and  the  visual  fields 
were  not  diminished. 

This  man  formed  a  splendid  example  of  what  would  have  been 
called  true  "motor"  aphasia.  Evidently,  however,  he  suffered  from 
more  than  an  "  anarthria,"  even  in  the  highest  significance  of  the  term, 
for  his  powers  of  internal  verbalization  were  affected,  as  shown  by  his 
difficulty  in  writing  and  faults  of  spelling.  But  he  still  retained  his 
power  of  naming  correctly,  provided  he  was  able  to  utter  a  sound 
which  corresponded  sufficiently  to  the  name  he  was  seeking. 

No.  17  (see  fig.  1)  was  much  less  satisfactory  from  the  point  of 
view  of  anatomical  localization ;  for  the  extraction  of  a  rifle  bullet  from 
the  substance  of  the  brain  was  followed  by  formation  of  an  abscess, 
which  undoubtedly  caused  a  considerable  amount  of  deep  destruction. 
But  he  was  a  superb  example  of  defective  verbal  formation  and,  as  a 
student  of  medicine,  was  able  to  give  valuable  introspective  information 
with  regard  to  his  symptoms. 
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About  ten  days  after  he  was  wounded  he  was  trephined  in  France, 
and  a  rifle  bullet  was  removed  from  the  brain  in  the  "  left  liolandic 
region."  When  he  came  under  my  care  five  months  later,  the  wound 
was  represented  by  a  sinus  from  which  issued  a  considerable  quantity 
of  pus.  This  opening  was  situated  16  cm.  backwards  along  the  nasion- 
inion  line,  in  the  centre  of  an  irregular  area,  from  which  bone  had  been 
removed;  this  measured  4"5  cm.  vertically,  and  0  cm.  horizontally,  and 
extended  between  two  points  13  cm.  to  19  cm.  posterior  to  the  root  of 
the  nose.  The  upper  border  of  the  bony  opening  lay  6  cm.  from  the 
middle  line  of  the  scalp. 

After  removal  of  some  fragments  of  bone  from  the  substance  of  the 
brain  and  efficient  drainage  of  an  abscess  cavity,  the  wound  finally 
healed  within  eight  months  from  the  injury. 

When  the  extent  of  this  bony  opening,  which  corresponded  to  those 
parts  denuded  of  dura  mater,  was  plotted  on  the  surface  of  the  brain,  it 
was  found  to  occupy  an  area  extending  between  the  inferior  precentral 
and  the  lower  third  of  the  post-central  fissures  (fig.  1).  It  corresponded 
in  front  with  the  upper  part  of  the  incision  in  No.  6,  but  did  not  extend 
so  low.  On  the  other  hand,  the  destruction  was  not  only  superficial, 
but  extended  deeply  into  subcortical  regions  of  the  brain. 

He  showed  characteristic  difficulty  in  finding  words  to  express  his 
thoughts,  and  said,  "  At  first  I  don't  think  I  had  more  than  a  twenty- 
word  vocabulary."  Words  were  uttered  singly  or  in  short  groups, 
isolated  by  pauses  of  varying  length,  and  a  single  word  of  many  syllables 
was  liable  to  be  slurred.  Even  a  year  after  the  injury  he  could  not 
say  the  alphabet  perfectly,  and  had  much  difficulty  in  counting.  He 
was  able  to  repeat  the  content  of  what  was  said  to  him  correctly,  but 
had  the  same  difficulty  in  word  formation  as  during  spontaneous  speech. 

He  seemed  to  understand  completely  what  he  heard,  and  oral  com- 
mands were  executed  quickly  and  with  accuracy.  But  he  confessed 
that,  for  the  first  fortnight  after  he  was  wounded,  he  had  difficulty  in 
understanding  thmgs  said  to  him,  unless  they  were  "  very  simple  and 
said  very  slow." 

He  carried  out  printed  commands  correctly,  but  could  not  read  to 
himself  with  comfort,  nor  could  he  be  certain  that  in  the  long  run  he 
understood  exactly  what  was  in  the  book  before  him.  "  I  can  get  the 
meaning  of  a  sentence,  if  it's  an  isolated  sentence,  but  I  can't  get  all 
the  words."  When  he  read  aloud,  his  articulation  showed  the  faults 
evident  during  voluntary  speech,  though  to  a  less  degree. 

He  wrote  slowly  and  with  great  effort ;  his  spelling  was  preposterous 
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considering  his  education,  and  the  form  of  the  words  showed  the  same 
defects  that  were  manifested  in  voluntary  speech.  He  complained,  "  I 
have  to  spell  out  every  word,  even  the  little  ones  ;  I  have  to  say  '  of  '  — 
I  know  it's  a  preposition,  but  then  I  have  to  think  is  it  '  to  '  or  '  from  ' 
or  '  of.'  "  So  much  was  this  a  matter  of  defective  verbal  formulation, 
that  in  writing  a  simple  word  like  "  help  "  he  found  it  difficult  to 
remember  if  the  1  or  the  p  came  last.  A  word  such  as  "  manager  "  was 
spelt  "  man-ger "  exactly  as  it  was  pronounced,  even  when  writing 
silently. 


Fig.  2. 


He  showed  remarkable  powers  of  arithmetic  and  checked  his  own 
bank-book,  in  spite  of  his  difficulty  in  counting.  When  he  uttered  a 
wrong  number,  as  for  instance  whilst  scoring  at  bridge,  or  looking  up 
the  page  in  a  reference  book,  the  false  number  did  not  mislead  him ;  if 
he  said  twenty-eight  instead  of  forty-one  he  scored  it  as  forty-one.  "  I 
do  the  sum  right,  but  get  the  figures  wrong." 

As  might  have  been  expected  from  the  nature  of  the  lesion,  these 
defects  of  speech  were  accompanied  by  signs  of  profound  injury  to  the 
nervous  system.     For  a  time  he  suffered  with  Jacksonian  convulsions, 
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which  began  in  the  right  hand  ;  these,  however,  passed  off  gradually, 
but  were  always  accompanied  by  some  increased  loss  of  verbal  capacity. 
He  showed  the  characteristic  signs  of  a  spastic  hemiplegia ;  isolated 
movements  of  the  right  hand  were  impossible,  and  although  he  possessed 
considerable  power  at  the  elbow  and  shoulder,  the  movements  were 
clumsy  and  the  whole  limb  was  hypertonic.  The  right  leg  was  in  a 
state  of  extensor  rigidity  accompanied  by  loss  of  power  of  dorsiflexion  at 
the  ankle.  The  lower  portion  of  the  right  half  of  the  face  was  some- 
what affected  and  the  tongue  was  protruded  to  this  side  of  the  middle 
line.  Gross  sensory  changes  of  the  cerebral  type  were  present  in  both 
arm  and  leg  of  the  affected  half  of  the  body.  All  the  deep  reflexes 
were  greatly  exaggerated  on  the  hemiplegic  side,  the  plantars  gave  a 
characteristic  upward  response  and  the  abdominals  were  absent.  Vision 
was  unaffected  and  the  fields  were  of  normal  extent. 

This  is  another  excellent  example  of  so-called  "  motor  "  aphasia. 
He  recovered  to  such  an  extent  that  the  last  traces  of  his  disorder  of 
speech  were  manifested  solely  as  slight  defects  of  word-formation.  But 
these  were  evident  not  only  on  articulation  and  in  his  writing,  but  also 
when  he  attempted  to  formulate  a  word  to  himself  for  the  use  of  internal 
speech.  The  power  of  naming  was  unaffected  throughout,  from  the 
moment  when  it  could  be  definitely  tested. 

(b)  Syntactical  Defects. 

Pick  [11]  has  always  contended  that  "  agrammatism,"  as  he 
defined  it,  was  produced  by  lesions  of  the  temporal  lobe  ;  and,  in  so  far 
as  it  is  included  under  "  syntactical  defects,"  my  experience  exactly 
bears  out  his  contention.  It  is  important,  however,  to  remember  that 
not  all  forms  of  jargon  belong  to  this  group  of  disorders  of  speech. 

No.  15  ^  (see  figs.  2  and  3)  was  a  typical  example  of  this  condition.  A 
rifle  bullet  had  entered  just  to  the  left  of  the  inner  canthus  of  the  right 
eye,  destroyed  the  left  eye,  and  had  made  its  exit  directly  above  the  inser- 
tion of  the  left  ear.  A  month  later  the  wound  of  entry  was  represented 
by  a  minute  perfectly  healed  white  scar.  On  the  other  hand,  the  exit 
consisted  of  an  irregular  opening  in  the  bone  and  tissues  of  the  scalp, 
through  which  protruded  a  small  pulsating  hernia  cerebri.  Bone  had 
been  removed  over  an  irregularly  quadrilateral  area  about  3  cm.  in 
vertical  and  horizontal  extent ;  below,  this  opening  reached  the  level  of 
the  insertion  of  the  ear  and  above  it  was  about  13  cm.  from  the  middle 
line  of  the  scalp,  corresponding  anteriorly  to  a  point  on  the  nasion-inion 

'  Reported  in  full  in  the  Appendix,  p.  459. 
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line   18  cm.  trom  the  root  of  the  nose.     The  total  distance   from  the 
nasion  to  the  external  occipital  protuberance  was  85  cm. 

Thus,  the  track  of  the  bullet  passed  back  through  the  left  temporal 
lobe,  entering  its  substance  in  front  close  to  the  tip  and  passing  out  at 
the  level  of  the  insertion  of  the  left  ear  (fig.  3).  When  plotted  on  the 
surface  of  the  brain,  the  exit  wound  lay  over  the  middle  of  the  second 


Fig.  3.— To  show  the  course  of  the  bullet  in  No.  15. 


temporal  convolution,  but  must  have  produced  some  destruction  both 
above  and  below  the  superior  temporal  fissure  (fig.  2).  In  its  course  it 
injured  the  extreme  lower  fibres  of  the  optic  radiations  and  so  produced 
the  upper  quadrantic  hemianopia  described  by  Gushing  [5]  as  charac- 
teristic of  lesions  within  the  temporal  lobe.  This  wound  healed 
completely  in  eighteen  weeks. 
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His  speech  was  a  perfect  example  of  that  form  of  jargon  which,  is 
due  to  disturbance  of  rhythm  and  defective  syntax.  He  did  not  use 
wrong  words  and,  if  the  subject  under  discussion  was  known,  it  was 
not  difficult  to  gather  the  sense  of  what  he  said.  Once  started,  his 
speech  was  rapid  and  he  tried  to  "  rush "  his  phrases  until  he  was 
arrested  by  the  utterance  of  pure  jargon.  It  was  extremely  difficult  to 
hear  the  prepositions,  conjunctions  or  articles,  and  these  parts  of  speech 
were  frequently  omitted.  The  same  errors  marred  his  attempts  to  read 
aloud  ;  even  when  reading  to  himself,  he  became  confused  by  internal 
jargon  and  lost  the  significance  of  all  but  the  simplest  phrases.  His 
spontaneous  writing  was  poor  and  he  had  little  power  of  reproducing  in 
written  words  the  contents  of  a  paragraph  he  had  apparently  read  with 
understanding.  His  defective  power  of  orderly  symbolic  formulation 
and  expression  led  to  a  curious  error  when  he  was  asked  to  draw  an 
elephant;  he  said  "irons,"  "  highons  "  for  tusks,  and  so  provided  the 
figure  with  horns,  although  he  was  able  to  correct  his  mistake  by 
suitable  gestures.  His  power  of  naming  was  preserved,  although  his 
nomenclature  was  sometimes  unusual  and  he  could  tell  the  time 
correctly.  On  the  whole  he  understood  what  was  said  to  him,  unless 
he  was  compelled  to  repeat  it  to  himself.  Simple  oral  commands  were 
well  executed,  but  he  hesitated  and  made  several  errors  over  the  com- 
plex hand,  eye  and  ear  tests. 

On  his  admission  to  the  London  Hospital,  a  fortnight  after  he  was 
wounded,  there  was  a  little  weakness  of  the  lower  portion  of  the  right 
half  of  the  face  and  the  tongue  deviated  slightly  to  the  right.  There 
was  no  loss  of  motion  or  sensation  in  body  or  limbs.  The  deep  reflexes 
were  somewhat  greater  on  the  right  than  on  the  left  side  ;  the  right 
plantar  reflex  gave  an  upward  response  and  that  from  the  half  of  the 
abdomen  was  diminished.  All  these  abnormal  signs  passed  away 
entirely  within  five  months  from  the  date  of  the  wound,  leaving  only 
the  upper  quadrantic  hemianopia,  as  far  as  such  a  condition  could  be 
observed  in  the  one  remaining  eye. 

This  was  a  perfect  case  for  our  methods  of  localization.  Beyond  a 
transitory  affection  of  the  reflexes  and  slight  defect  in  the  movements 
of  face  and  tongue,  there  was  nothing  to  point  to  any  morbid  condition 
beyond  the  limits  of  the  temporal  lobe.  Moreover,  the  form  of  the 
visual  field,  as  far  as  it  could  be  determined  from  the  one  remaining  eye, 
together  with  the  curious  attacks  of  "  smells "  accompanied  by 
"  dizziness,"  were  characteristic  of  a  lesion  in  this  part  of  the  brain. 

Number  13  (fig.  2)  would  have  been  equally  valuable  from  the  point 
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of  view  of  localization,  had  it  not  been  for  the  uncertainty  introduced 
by  the  operation,  carried  out  at  the  Front. 

He  was  struck  by  a  shell-fragment  in  the  left  temporal  region,  but 
did  not  become  unconscious.  When  he  came  under  my  care  about 
three  weeks  later,  he  brought  no  records  of  any  kind.  It  was  obvious 
that  some  operation  had  been  performed  ;  for  there  was  a  long,  linear, 
surgical  scar  extending  from  the  (ronto-temporal  to  the  parietal  region 
on  the  left  side  of  the  head.  This  incision  had  closed,  except  for  a 
small  granulatory  area  in  front,  which  healed  rapidly  and  was  of  no 
importance.  Farther  back  was  a  pouting  sinus,  which  exuded  pus  ;  it 
was  level  with  a  point  16  cm.  along  the  nasion-inion  line  and  lay  8  to 
9  cm.  from  the  middle  of  the  scalp.  An  X-ray  photograph  showed  that 
bone  had  been  removed  over  an  irregular  oval  area,  which  lay  exactly 
under  this  suppurating  opening  and  was  bisected  by  the  surgical  incision. 
On  plotting  out  this  area  on  the  surface  of  the  brain  it  was  found  to  lie 
just  behind  the  central  (Eolandic)  fissure. 

But  exactly  below  this  area,  11  cm.  to  the  left  of  the  middle  line, 
lay  another  fungating  sinus  passing  down  to  and  apparently  penetrating 
the  bone,  from  which  exuded  a  considerable  quantity  of  pus.  The  skull 
had  not  been  trephined  in  this  region,  and  yet  the  probe  passed  through 
an  opening  into  the  cranial  cavity.  Moreover,  the  orifice  in  the  scalp 
was  at  a  distance  from  the  surgical  incision  and  had  not  been  subjected 
to  operative  treatment  of  any  kind.  It  undoubtedly  represented  one  of 
the  original  wounds  and,  when  plotted  on  the  surface  of  the  brain,  lay 
over  the  upper  portion  of  the  first  temporal  gyrus  and  the  Sylvian 
fissure,  on  a  level  vertically  with  the  foot  of  the  post-central  fissure 
(fig.  2). 

I  should  like  to  suggest  that  this  was  the  lesion  responsible  for  his 
loss  of  speech.  The  patient  on  receipt  of  the  wound  was  obviously 
aphasic  and  the  missile  had  possibly  injured  the  skull  in  the  neighbour- 
hood of  the  Eolandic  region.  The  surgeon  therefore  performed  a  linear 
exposure  and  trephined  over  the  central  fissure  :  but  he  paid  no  attention 
to  the  small  wound  at  a  lower  level  over  the  temporal  lobe,  which  had 
also  perforated  the  skull. 

Both  openings  healed  completely  within  eight  weeks  from  the 
date  of  his  wound. 

The  disturbance  of  speech  produced  by  this  injury  has  already 
been  summarized  on  p.  383 ;  it  formed  a  beautiful  example  of  syntac- 
tical defects  of  symbolic  formulation  and  expression.  The  rhythm  of 
speech  was  disturbed  and  syntax  was    defective,    whether    the    words 
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were  spoken  or  written.  Naming,  and  comprehension  of  oral  or 
printed  commands  were  perfect.  The  character  of  these  disorders  in 
the  use  of  language  remained  essentially  unchanged  five  years  after 
he  was  wounded,  in  spite  of  profound  improvement  in  his  power  of 
speaking,  reading  and  writing. 

Associated  with  these  defects  of  speech,  he  showed  very  few  abnormal 
physical  signs  of  cerebral  injury.  He  had  no  fits  or  seizures  of  any 
kind.  Vision  was  unaffected  and  the  fields  were  of  normal  extent.  At 
first  the  movements  of  the  right  angle  of  the  mouth  were  slightly  less 
than  those  of  the  other  side,  and  the  tongue  was  protruded  a  little  to 
the  right  :  but  this  passed  away  quickly.  He  complained  that  the 
right  hand  "felt  different";  the  grasp  was  comparatively  feeble,  but 
individual  movements  of  the  fingers  were  possible  and  they  were 
somewhat  hypotonic.  There  was  distinct  ataxy  of  the  fingers  with 
the  eyes  closed,  and  the  power  of  recognizing  passive  movement  and 
posture  was  defective  in  the  right  hand.  Form  and  weight  were 
correctly  appreciated  and  localization  was  perfect.  The  lower  extremity 
was  unaffected.  All  the  reflexes,  including  the  plantars  and  abdominals, 
were  normal. 

The  lesion  responsible  for  these  changes  lay  over  the  middle  of  the 
first  temporal  gyrus  ;  but  the  slight  disturbance  of  the  higher  aspects 
of  sensation  in  the  right  hand  during  the  earlier  stages  pointed  to 
some  affection  of  the  post-central  convolution. 

No.  14  (fig.  '2)  suffered  from  a  much  more  severe  injury,  which  lay, 
however,  exactly  over  the  same  situation  as  what  I  have  presumed  to 
be  the  effective  wound  in  No.  13. 

He  was  hit  by  a  fragment  of  shell  casing  or  by  shrapnel  just  above 
the  insertion  of  the  left  ear.  When  I  first  saw  him  seventeen  days 
later,  the  wound  was  represented  by  a  granulating  surface  of  '2  cm.  by 
15  cm.  situated  11  cm.  from  the  middle  of  the  scalp  and  16  cm.  back- 
wards along  the  nasion-inion  line.  This  unhealed  patch  was  surrounded 
on  three  sides  by  a  horse-shoe  shaped  incision,  which  had  united 
firmly.  Within  lay  an  irregularly  quadrilateral  area,  where  the  bone 
had  been  removed ;  this  was  covered  by  normal  scalp  except  over  the 
site  of  the  original  wound. 

When  this  was  plotted  on  the  surface  of  the  brain,  it  was  found  to 
occupy  the  first  temporal  gyrus  and  the  Sylvian  fissure  exactly  as  in 
No,  13  (fig.  2).  But  the  trephined  area  was  more  extensive,  especially 
in  front  and  above,  and  there  can  be  no  doubt  that  it  extended  forwards 
to  the  lower  portion  of  the  central  fissure. 
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At  first  he  was  too  ill  for  complete  examination,  but  his  speech  was 
the  most  extraordinary  jargon.  There  could  be  little  doubt  that  he 
knew  what  he  wanted  to  say.  although  the  words  poured  out  in 
phrases  which  had  no  grammatical  structure  and  were  in  most 
cases  incomprehensible.  In  many  instances  the  words  themselves  were 
well  formed,  but  they  had  no  meaning  as  they  were  uttered  ;  occasion- 
ally, however,  sufficient  words  were  correctly  placed  to  make  his 
meaning  clear.  He  could  not  repeat  a  sentence  said  to  him  and,  when 
he  attempted  to  read,  uttered  pure  jargon. 

He  was  unable  to  find  names  for  common  objects  of  daily  use  and 
yet  his  correct  choice  to  printed  command  showed  that  he  was  familiar 
with  their  usual  nomenclature. 

Comprehension  of  spoken  words  was  obviously  defective  and  he  was 
liable  to  be  puzzled  by  any  but  the  simplest  oral  commands.  Time 
after  time,  in  general  conversation,  he  failed  to  understand  what  was 
said  and  to  carry  on  a  subject  started  by  himself.  Spontaneous  thought 
was  rapid  and  correct  and  his  intelligence  of  an  extremely  high  order, 
but  his  power  of  symbolic  formulation  and  expression  was  hampered  by 
the  defects  of  his  internal  speech. 

He  undoubtedly  comprehended  what  he  read  in  the  newspaper  and 
demonstrated  to  us  the  movements  at  the  Front  on  large-scale  military 
maps.  He  understood  French  and  amused  himself  with  a  work  on 
Napoleon's  Russian  campaign.  But  any  attempt  to  reproduce  aloud 
what  he  had  read  resulted  in  incomprehensible  jargon.  Asked  to  read 
aloud  the  commands  of  the  hand,  eye  and  ear  test,  he  could  not  do 
so,  although  the  movements  were  executed  perfectly  and  without 
hesitation. 

Single  words  were,  for  the  most  part,  so  much  more  easily  written 
than  spoken,  that  he  carried  about  paper  and  a  pencil  to  help  him  out 
of  his  conversational  difficulties.  When  at  a  loss,  he  would  write  some- 
thing sufficient  to  convey  his  meaning  to  his  puzzled  auditor.  But  he 
was  unable  to  read  what  he  had  written  and  this,  together  with  his 
difficulty  in  forming  phrases  and  sentences,  made  it  impossible  to 
compose  a  letter  or  coherent  account  of  something  he  wished  to  convey. 
He  could  copy  perfectly,  but  wrote  badly  to  dictation,  because  of  the 
rapidity  with  which  he  forgot  the  phrase  that  had  been  said  to 
him. 

He  could  play  the  piano,  read  the  notes  correctly  and  evidently 
recognized  the  constitution  of  a  chord  and  the  changes  of  key. 

These  characteristic  defects  of  speech  were  associated  with  extensive 
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signs  of  cerebral  injury.  He  developed  seizures  in  which  he  ceased  to 
talk  and  the  right  arm  fell  powerless  on  to  the  bed.  He  was  never 
convulsed  and  did  not  appear  to  become  unconscious  in  all  these 
attacks,  although  he  was  ultimately  found  dead  in  his  bath ;  but  he  was 
unable  to  speak  and  found  he  was  powerless  to  think.  These  attacks 
were  preceded  by  a  "hot"  or  "tingling"  feeling  down  the  right  arm 
and  leg,  accompanied  by  a  taste  and  smell  and  a  peculiar  state  of  mind, 
which  he  could  not  describe  in  comprehensible  terms. 

Even  when  I  saw  him  first,  he  did  not  suffer  from  headache  and 
vomiting.  The  optic  discs  were  normal  and  there  was  no  hemianopia. 
Movements  of  the  lower  part  of  the  right  half  of  the  face  were  defective 
and  the  tongue  deviated  to  this  side.  The  deep  reflexes  on  the  right 
half  of  the  body  were  brisker  than  those  on  the  left  and  the  plantar  gave 
an  upward  response  ;  the  superficial  reflexes  from  the  right  half  of  the 
abdomen  were  greatly  diminished  compared  with  those  of  the  left. 
These  abnormal  signs  passed  away  entirely  in  about  a  year  from  the 
time  he  was  wounded. 

In  spite  of  the  difficulty  he  found  in  executing  movements  to 
command,  I  was  able  to  show,  even  in  the  early  stages,  that  there  was 
no  absolute  paralysis  of  the  right  upper  or  lower  extremity ;  isolated 
movements  of  the  fingers  were  possible,  but  there  was  extreme  inco- 
ordination of  both  arm  and  leg.  Subsequent  exammation  confirmed 
the  original  supposition,  that  his  loss  of  power  was  mainly  afferent  in 
origin. 

In  consequence  of  a  lesion,  which  fell  mainly  over  the  middle  of  the 
first  temporal  gyrus,  this  patient  suffered  from  profound  syntactical 
defects  of  symbolic  formulation  and  expression.  His  speech,  both 
external  and  internal,  was  jargon  and  he  could  not  write  coherently. 
But  the  injury  produced  more  severe  general  effects  than  those  of 
No  13.  For  he  not  only  suffered  from  seizures,  with  a  characteristic 
aura  of  smell  and  taste  accompanied  by  a  dreamy  mental  state,  but  also 
showed  in  the  earlier  stages  profound  inco-ordination  and  signs  of 
afferent  disturba  nee  in  the  right  arm  and  leg, 

(c)  Nominal  defects. 

No.  7  ^  was  wounded  by  a  fragment  of  a  high-explosive  shell,  which 

produced  a  compound  depressed  fracture  of  the  skull  in  the  left  parietal 

region,     with   laceration  of   the  dura   mater    and    protrusion    of    brain 

substance.     He  came  under    my  care,  nearly   six  weeks    later,  with  a 

1  Reported  in  full  in  the  Appendix,  p.  478. 
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•granulating  stellate  wound,  which  destroyed  all  the  structures  down  to 
the  brain.  In  front  it  was  7  cm.,  behind  9  cm.  from  the  middle  of  the 
scalp  and  it  extended  between  two  points  19'5  cm.  and  *i7  cm.  on  the 
nasion-inion  line.  An  X-ray  photograph  showed  an  area  of  removal  of 
bone  in  the  anterior  parietal  region,  measuring  4  cm.  by  2  cm.  at  its 
broadest  part,  with  a  fissured  fracture  running  directly  forwards.  The 
wound  healed  finally  eight  weeks  after  it  was  inflicted. 

While  this  injury   was   plotted   on  the  surface   of  the  brain  (figs.  4 


Fig.  4. 

and  5)  it  was  found  to  occupy  an  area  shaped  like  an  arrow-head, 
pointing  upwards  and  forwards  within  the  limits  of  the  angular  gyrus 
<^area  angularis  of  I^rodmann  [1]). 

On  admission  to  the  London  Hospital  nearly  six  weeks  after  he  was 
wounded,  he  was  so  grossly  aphasic  that  no  coherent  information  could 
be  obtained  from  him.  The  words  he  uttered  were  comprehensible,  but 
he  could  not  find  means  to  express  himself  in  speech  or  writing.  On 
p.  386  I  have  summarized  his  condition  at  various  periods  after  he 
was  wounded.  Throughout,  the  character  of  his  disabilities  remained 
the  same,  although  he  rapidly  regained   sufficient  facility  in  utterance 
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for  daily  intercourse  ;  even  five  years  and  nine  months  after  the  injury 
his  speech  was  demonstrably  abnormal  and  he  was  still  an  excellent 
example  of  nominal  aphasia. 

Fortunately  in  this  case  there  were  no  signs  pointing  to  gross 
injury  of  the  deeper  structures  of  the  brain.  He  suffered  from  no 
convulsions  or  seizures.  Vision  was  in  every  way  normal.  Move- 
ments of  the  face  and  tongue  were  unaffected  and  he  showed  no  changes 


Fig.  5. 

either  in  motion  or  sensation.  The  reflexes,  including  the  abdominals 
and  plantars,  were  equal  on  the  two  sides. 

This  man  formed  a  superb  example  of  the  condition  I  have  called 
nominal  aphasia,  in  which  the  principal  defect  consisted  in  want  of 
power  to  name  objects  and  to  recognize  exactly  the  meaning  of  words 
presented  orally  or  in  print.  The  lesion  lay  over  the  angular  gyrus  and 
was  comparatively  superficial. 

No.  2  (figs.  4  and  5)  was  of  much  less  value  for  purposes  of 
anatomical  localization.    The  lesion  was  extensive  and  deep,  at  any  rate 
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in  the  centre ;  but  the  cHnical  observations  were  of  unusual  complete- 
ness and  interest  owing  to  the  great  intelligence  of  the  patient,  and  to 
my  repeated  opportunities  for  examining  him  over  a  period  of  more 
than   four  years. 

This  young  Stafif-officer  received  a  compound  fracture  of  the  skull 
in  the  left  parieto-occipital  region  from  the  kick  of  a  horse.  Fragments 
of  depressed  bone  were  removed  by  operation,  carried  out  within  a 
few  hours  of  the  accident,  and  the  brain  below  the  injury  was  found  to 
be  reduced  to  pulp  for  a  depth  of  about  three  inches  (about  7  cm.). 
Right  hemianopia  and  "some  degree  of  aphasia  "  were  present  from 
the  first,  but  motion  and  sensation  were  never  affected. 

When  he  first  came  under  my  care  some  six  months  afterwards, 
the  wound  was  firmly  healed,  and  lay  within  a  depressed  oval  area, 
where  the  skull  had  been  removed.  At  a  subsequent  operation  we  were 
able  to  measure  the  exact  limits  of  this  opening  ;  its  largest  diameter, 
pointing  upwards  and  a  little  forward,  was  10  cm.,  while  horizontally 
it  measured  5 '5  cm.  at  its  broadest  part.  Looked  at  from  behind, 
its  superior  border  was  opposite  a  point  23  cm.  along  the  nasion-inion 
and  3'5  cm.  to  the  left  of  the  middle  of  the  scalp ;  below  it  reached  a 
point  33  cm.  on  the  nasion-inion  line  and  35  cm.  to  the  left. 

During  the  operation  to  repair  this  opening,  Mr.  Trotter  cut  a 
piece  of  rubber  of  the  exact  size  and  shape  to  act  as  a  guide.  This  was 
subsequently  of  great  help  in  plotting  out  the  site  and  extent  of 
the  injury,  for  we  were  able  to  fix  this  oval  patch  on  to  the  skull  of 
the  cadaver  and  drill  through  to  the  brain  to  mark  its  boundaries. 
(Figs.  4  and  5.) 

In  this  way  we  found  that  the  area  of  loss  of  bone  occupied  the 
angular,  superior  parietal  and  parieto-occipital  gyri  ;  its  anterior  border 
extended  as  far  forward  as  the  middle  of  the  supra-marginal.  But 
we  must  bear  in  mind  that  this  gives  the  extreme  limits  of  the  injury, 
within  which  the  destruction  of  brain  tissue  occupied  an  unknown 
but  smaller  extent. 

This  patient  suffered  from  profound  loss  of  power  to  name  common 
objects  or  colours,  and  to  use  nominal  expressions  in  ordinary  con- 
versation. Most  of  the  words  at  his  disposal  were  well  pronounced  and 
intonation  was  normal,  but,  when  he  had  difficulty  in  finding  a  name, 
he  would  try  various  combinations  of  sound  more  or  less  related  to  the 
word  he  was  seeking.  He  was  able  to  give  long  explanations  of  his 
inability  to  find  the  right  names,  and  could  use  appropriate  metaphorical 
expressions  to  designate  colours  that  he  could  not  name.     If  he  failed 
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to  find  a  woi'd,  he  could  repeat  it  accurately  after  it  had  been  said 
to  him. 

He  showed  obvious  difficulty  in  grasping  the  exact  meaning  of  what 
was  said,  especially  such  words  as  "up"  and  "down,"  "back"  and 
"  front,"  "  to  "  and  "  past  "  the  hour,  when  contrasted  with  one  another. 
He  could  choose  familiar  objects  slowly  but  correctly  to  oral  command  ; 
with  colours,  he  hesitated  greatly  and  made  several  mistakes.  He 
could  not  set  the  hands  of  the  clock  or  carry  out  the  complex  hand,  eye 
and  ear  tests  to  orders  given  by  word  of  mouth. 

He  was  unable  to  read  a  newspaper  to  himself  or  to  comprehend 
exactly  the  meaning  of  a  printed  paragraph.  Common  objects  were 
chosen  slowly  but  correctly  to  printed  command,  although  he  hesitated 
greatly  with  colours.  If  the  order  to  set  the  clock  was  given  in  printed 
words,  it  was  badly  executed  ;  but  he  had  no  difficulty  when  they  were 
replaced  by  numbers.  The  hand,  eye  and  ear  tests  were  performed 
extremely  badly  if  he  read  the  words  silently ;  when,  however,  he  read 
them  aloud  the  orders  were  executed  without  fail. 

He  wrote  his  signature,  but  could  not  add  his  address,  and  was 
incapable  of  writing  a  letter  or  giving  a  written  account  of  what  he  had 
heard,  seen  or  read.  Later,  he  regained  this  power  somewhat,  although 
his  spelling  was  so  incredibly  bad  that  many  of  the  words  were  scarcely 
recognizable.  Writing  to  dictation  was  faulty,  and  he  copied  printed 
letters  accurately  in  capitals,  but  could  not  transcribe  them  with 
certainty  into  ordinary    handwriting. 

He  could  count  aloud,  but  wrote  the  names  of  the  numbers  ex- 
tremely badly.  He  was  unable  to  carry  out  even  simple  arithmetical 
operations  and  had  difficulty  in  expressing  the  relative  value  of  two 
coins,  although  he  was  evidently  conscious  of  their  fundamental  relation. 

He  could  make  an  excellent  drawing  from  a  model  and  reproduce 
it  later  from  memory  ;  but  his  drawing  of  an  elephant  to  command  was 
absurd,  though,  when  trying  to  explain  the  difficulties  of  transport  in 
Mesopotamia,  he  produced  spontaneously  a  spirited  sketch  of  a  camel. 

He  was  unable  to  draw  a  ground-plan,  in  spite  of  the  fact  that  he 
possessed  strong  visual  images  and  orientation  was  not  fundamentally 
affected. 

He  suffered  from  no  fits  or  seizures  at  any  time.  There  was  com- 
plete right  hemianopia  to  movement,  form  and  colour,  which  remained 
unaltered  throughout ;  apart  from  this,  vision  was  normal.  Otherwise 
there  were  no  abnormal  signs  of  any  kind  in  the  central  nervous  system. 

This    is   a  splendid    example    of    what   I    have    called    "nominal" 
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aphasia  in  a  man  of  unusual  intelligence  and  education.  The  power  of 
naming  and  appreciating  verbal  meaning  was  defective,  although  he 
retained  the  capacity  to  formulate  the  end  and  aim  of  a  symbolic  act. 
We  do  not  know  exactly  the  situation  of  the  brain  lesion,  but  it  must 
have  lain  within  limits  which  comprised  mainly  the  angular,  superior 
parietal  and  parieto-occipital  gyri.  It  thus  includes  the  whole  of  the 
more  localized  lesion  found  in  No.  7. 


Fig.  6. 


(d)  Semantic  Defects. 

No.  10 '  was  wounded  accidentally  over  a  small  area  in  the  left 
parietal  region  by  the  premature  explosion  of  a  hand-grenade.  At  the 
operation  next  day  the  dura  mater  was  found  to  have  been  perforated  in 
two  places  and  two  small  fragments  of  bone  were  removed  from  the 
brain. 

When  he  came  under  my  care,  thirty-four  days  later,  the  wound 
had  healed  completely.  Bone  had  been  removed  over  an  oval  area  2"5 
cm.  by  l"2o   cm.,  extending  between  two  points  15'5  cm.  and  18  cm. 

'  Reported  in  full  in  the  Appendix,  p.  498. 
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along  the  nasion-inion  line  at  a  distance  of  8  cm.  from  the  middle  of  the 
scalp. 

On  plotting  the  site  of  this  lesion,  it  was  found  to  occupy  the 
anterior  portion  of  the  supramarginal  gyrus,  bounded  in  front  by  the 
post-central  fissure  (figs.  6  and  7).  It  was  of  small  size  (less  than 
'2"5  cm.  by  1*25  cm.)  and  did  not  extend  deeply  into  the  substance  of 


Fig. 


the  brain  ;  this  was  confirmed  at  an  exploratory  operation  carried  out 
whilst  he  was  under  my  care. 

This  patient  was  a  splendid  example  of  what  I  have  called  semantic 
defects  of  speech.  He  could  name  objects  or  colours  shown  to  him  and 
had  no  difficulty  in  finding  or  articulating  words  to  express  his  ordinary 
needs  ;  his  phrases  were  perfectly  formed  and  spaced.  But  in  general 
conversation  he  paused  like  a  man  confused,  who  had  lost  the  thread  of 
what  he  wanted  to  say.  Words  and  phrases  said  to  him  were  repeated 
correctly,  provided  they  did  not  contain  a  number  of  possible  alternatives. 

He  chose  an  object  or  colour  named  by  me,  but  had  obvious  difficulty 
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in  setting  the  clock  or  carrying  out  the  hand,  eye  and  ear  tests  to  oral 
commands.  He  was  easily  puzzled  and  became  confused  as  to  the  aim 
of  the  task  set  him. 

He  understood  the  significance  of  printed  words  and  short  sentences 
provided  they  did  not  contain  a  command.  But  he  gave  a  poor  account 
of  the  general  meaning  of  a  series  of  short  paragraphs  he  had  read 
silently  to  himself ;  his  narrative  tailed  away  aimlessly,  as  if  he  had 
forgotten  the  goal  for  which  he  was  making. 

He  read  aloud  simple  sentences  without  mistakes,  but  tended  to 
doubt  the  accuracy  of  the  words  he  had  uttered  correctly. 

His  handwriting  was  profoundly  altered  ;  he  wrote  with  extreme 
rapidity,  as  if  afraid  of  forgetting  what  he  wanted  to  transfer  to  paper, 
and  he  tended  to  employ  the  same  symbol  for  d,  f,  o,  r,  t,  and  v.  Apart 
from  the  bad  writing  and  the  use  of  this  peculiar  letter,  he  copied 
correctly;  he  showed  the  same  defects  to  dictation  and,  in  addition,  he 
repeatedly  forgot  what  he  had  been  told  to  write. 

Although  he  counted  excellently,  he  was  unable  to  carry  out  the 
simplest  arithmetical  operation  ;  and  this  was  the  more  remarkable  as 
he  had  been  an  accountant,  accustomed  to  handle  complex  masses  of 
figures.  He  was  confused  by  the  relative  value  of  coins  and  had  much 
difficulty  in  ordinary  life  with  change  and  the  price  of  his  purchases. 

He  could  not  draw  from  the  model  or  from  memory,  and  was  com- 
pletely unable  to  delineate  an  elephant  to  command.  He  failed  entirely 
to  draw  a  ground-plan  of  a  familiar  room  and  was  unable  to  express  the 
relative  position  of  its  salient  parts  or  the  objects  it  contained. 

Orientation  was  gravely  affected  ;  he  was  liable  to  lose  his  way  in  the 
street  or  hospital,  and  had  difficulty  even  in  finding  his  own  room. 

He  could  play  no  games  and  "  puzzles  "  worried  him  greatly. 

These  defects  of  symbolic  formulation  and  expression  were  associated 
with  no  other  signs  of  structural  disorganization.  Vision  was  perfect 
and  the  fields  were  of  normal  extent.  Face  and  tongue  moved  well  and 
equally.  There  was  no  paralysis  of  motion ;  sensation  was  unaffected, 
even  to  the  most  delicate  tests.  The  reflexes,  including  the  abdominals 
and  plantars,  were  equal  on  the  two  halves  of  the  body. 

In  this  case  the  sole  disturbance  produced  by  a  lesion  in  the  supra- 
marginal  gyrus  was  inability  to  comprehend  and  to  maintain  in  con- 
sciousness the  general  significance  of  some  symbolic  representation,  or 
the  intention  of  an  act  he  was  about  to  perform,  either  to  command 
or  on  his  own  initiative. 

No.  5   (figs.  8  and  7)  was  the  only  left-handed  man  in  mj^  series, 
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and  the  wound,  due  to  a  rifle  bullet,  was  situated  in  the  right  parietal 
region.  On  admission  to  the  Base  Hospital,  this  was  a  minute 
punctured  opening,  from  which  exuded  cerebrospinal  fluid  mingled 
with  small  quantities  of  disintegrated  brain  matter.  The  bullet  had 
bored  a  circular  hole  in  the  skull,  perforated  the  dura  mater,  and  was 
extracted  from  a  point  in  the  brain  about  4  to  5  cm.  in  depth. 

When  he  was  admitted  to  the  London  Hospital  a  fortnight  later, 


Fig.  8. 


the  wound  of  entry  was  healed  and  covered  by  a  minute  scab,  situated 
20"5  cm.  backwards  along  the  nasion-inion  line  and  11  cm.  from  the 
middle  of  the  scalp.  The  semicircular  surgical  incision  had  healed  by 
first  intention. 

On  plotting  the  position  at  which  the  bullet  had  entered  the  brain, 
it  was  found  to  lie  over  the  inferior  and  posterior  portion  of  the  supra- 
marginal  gyrus  (figs.  8  and  7).  The  removal  of  the  bullet,  lying  some 
5  cm.  deep  in  the  brain,  undoubtedly  produced  more  destruction  of 
substance  than  in  the  case  of  No.  10. 

Here  again  the  most  striking  feature  was  his  inability  to  formulate 
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to  recognize  and  to  retain  in  his  mind  the  exact  general  intention  of 
some  action  requiring  symbolic  representation. 

Articulation  was  perfect,  words  were  produced  without  difficulty 
and  the  rhythm  of  the  phrase  was  unaffected.  His  sole  defect  was 
shown  in  a  tendency  to  forget  the  exact  general  intention  of  what  he 
wanted  to  express  ;  sentences  died  away  without  reaching  their  formal 
conclusion.  He  could  name  common  objects  or  colours  correctly,  and 
repeat  single  words  or  even  sentences,  provided  they  did  not  comprise 
many  independent  statements.  The  first  few  phrases  of  a  long  para- 
graph might  be  repeated  correctly,  but  as  the  test  proceeded  he  would 
lose  touch  and  complain  that  he  could  not  remember  what  I  had  said. 

On  superficial  examination  he  seemed  to  understand  what  was  said 
to  him  and  choose  all  the  common  objects  accurately  to  oral  command  ; 
with  colours  he  was  not  so  exact.  But  he  made  gross  mistakes,  in 
setting  the  clock  and  in  carrying  out  the  hand,  eye  and  ear  test  to 
orders  given  by  word  of  mouth.  His  greatest  disability  appeared  when 
he  was  asked  to  render  the  general  sense  of  some  story  I  had  told 
him  ;  after  the  first  few  phrases,  he  broke  off,  saying,  "  I  don't  know 
what  it  is."' 

He  chose  common  objects  with  ease  to  printed  commands  and  made 
no  gross  errors  in  the  selection  of  colours.  The  hands  of  the  clock 
were  ultimately  set  correctly  and  the  hand,  eye  and  ear  tests  perfectly 
executed.  His  difficulty  lay  not  so  much  in  understanding  the  meaning 
of  a  word  or  phrase  read  silently  to  himself  as  in  comprehending  their 
general  significance. 

He  wrote  his  name  and  address  rapidly  and  with  ease.  But  the 
names  of  common  objects  or  of  colours  were  badly  written,  although 
the  nomenclature  was  correct,  and  he  made  many  mistakes,  when 
writing  down  the  time  from  a  clock  shown  to  him.  He  was  unable  to 
round  off  and  bring  to  a  logical  conclusion  a  letter  which  began 
intelligibly. 

He  would  copy  with  ease  and  certainty,  but,  when  writing  from 
dictation,  he  tended  to  shorten  the  sentence,  to  omit  some  part  of 
its  content  and  to  substitute  words  which  differed  from  those  said 
by  me. 

He  counted  perfectly  up  to  the  seventies  or  eighties,  and  then 
became  slower  and  less  accurate.  Simple  arithmetical  exercises  were 
imperfectly  carried  out  and  he  seemed  unable  to  correct  his  mistakes. 

He  drew  the  rough  outline  of  a  jug  placed  before  him  and  repro- 
duced it  almost  exactly  from  memory  ;  but  he  absolutely  failed  to  draw 
an  elephant  to  command. 
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Orientation  was  defective  and  he  was  unable  to  construct  a  ground- 
plan  of  the  ward  in  which  he  occupied  abed,  although  he  gave  undoubted 
evidence  of  the  possession  of  visual  images. 

These  defects  in  symbolic  formulation  and  expression  were  unaccom- 
panied by  any  other  signs  of  gross  destruction  in  the  nervous  system. 
Vision  was  normal  and  the  field  of  full  extent.  Movements  of  the  face 
and  tongue  were  unaffected.  There  was  no  paralysis  of  motion  or 
sensation  and  the  reflexes,  including  the  abdominals  and  plantars,  were 
equal  on  the  two  halves  of  the  body. 

In  this  case  profound  semantic  defects  in  a  left-handed  man  were 
associated  with  a  small  cortical  and  subcortical  lesion  situated  in  the 
lower  and  posterior  portion  of  the  right  supramarginal  gyrus. 

No.  8  (figs.  6  and  7)  was  another  excellent  example  of  the  same 
defects  of  speech.  The  lesion  was,  however,  more  severe  and  of  con- 
siderably greater  extent  than  that  in  either  of  the  two  preceding  cases ; 
but  it  is  of  interest  from  the  point  of  view  of  localization,  because  the 
superficial  area,  occupied  by  the  wound  of  entry,  served  to  unite  that 
of  the  last  patient  (No.  5)  with  that  of  No.  18,  lying  over  the  superior 
parietal  lobule. 

No.  8  was  struck  by  a  fragment  of  shell-casing  in  the  left  parietal 
region  ;  this  traversed  the  brain  almost  directly  from  side  to  side,  and 
was  removed  through  a  small  trephine  opening  over  the  right  supra- 
marginal  region. 

When  he  first  came  under  my  care  a  month  later,  there  was  a  small 
pouting  wound  on  the  left  side,  which  lay  in  the  centre  of  a  trephined 
area,  measuring  4  by  2"75cm.  This  healed  in  a  fortnight.  It  extended 
between  two  points  26  to  29  cm.  along  the  nasion-inion ;  above  it 
was  2*5  cm.  and  below  8  cm.  from  the  middle  line  of  the  scalp, 
seen  from  behind.  The  opening  on  the  right  side,  from  which  the 
missile  had  been  removed  by  operation,  had  healed  completely  on 
admission. 

When  the  extent  of  the  trephined  area,  over  the  wound  of  entry, 
was  plotted  on  the  surface  of  the  brain,  it  was  found  to  occupy  the 
supramarginal  gyrus  and  part  of  the  superior  parietal  lobule  (tigs.  6 
and  7).  The  lowest  point  just  touched  the  site  of  the  lesion  in 
No.  5,  and  from  this  the  long  axis  of  the  oval  extended  upwards  and  a 
little  backwards  to  just  beyond  the  interparietal  fissure. 

This  patient  was  a  splendid  example  of  semantic  aphasia,  and  his 
condition  at  various  periods  has  already  been  summarized  on  p.  389. 

In    this  case  there  were  other  signs  of  gross  injury  to  the  brain 
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apart  from  these  semantic  defects.  Four  months  after  he  was 
wounded,  he  developed  epileptiform  atttacks,  in  which  he  became 
unconscious,  and  was  slightly  convulsed.  Under  the  influence  of 
worry,  confusion  and  noise,  these  became  somewhat  frequent ;  but 
with  treatment  and  a  quiet  life  in  the  country  they  have  been  greatly 
reduced  in  number. 

The  most  striking  physical  abnormality  consisted  of  defective  vision 
over  the  right  half  of  the  field.  His  visual  acuity  was  perfect  with 
either  eye,  but  he  tended  to  miss  letters  towards  the  right  of  any  line 
he  was  reading,  unless  his  attention  was  concentrated  directly  upon 
them.  Over  the  right  half  of  the  field  a  moving  object  could  be 
appreciated  up  to  the  periphery,  but  a  stationary  white  square  was 
frequently  unrecognized.  Moreover,  if  two  discs  were  exposed  simul- 
taneously, one  to  the  left  and  the  other  to  the  right  of  the  visual  field, 
he  never  failed  to  appreciate  the  former,  though  he  was  frequently  un- 
certain to  the  right.  This  condition  has  remained  unchanged  to  the 
present  time. 

On  admission,  the  optic  discs  were  blurred  at  the  edges,  showing 
traces  of  previous  swelling,  which  had  subsided.  The  pupils  reacted 
well,  even  when  the  light  was  thrown  on  the  affected  half  of  the  visual 
field.  Face  and  tongue  moved  normally.  The  reflexes,  including 
the  abdominals  and  plantars,  were  equally  brisk  on  the  two  sides. 
Careful  examination  failed  to  discover  any  affection  of  motion  or 
sensation. 

There  were  no  abnormal  signs  of  any  kind  on  the  left  side  of  the 
body,  corresponding  to  the  opening  in  the  right  half  of  the  skull 
through  which  the  foreign  body  had  been  extracted. 

This  young  and  highly  intelligent  officer  suffered  not  only  from 
semantic  defects  of  speech,  but  also  from  loss  of  vision  of  a  high 
cerebral  type  over  the  right  half  of  the  field.  The  wound  of  entry, 
which  was  responsible  for  these  signs  and  symptoms,  lay  mainly 
over  the  supramarginal  gyrus,  but  extended  on  to  a  portion  of  the 
superior  parietal  lobule.  It  was  probably  the  subcortical  passage 
of  the  bullet  that  was  responsible  for  the  presence  of  the  partial 
hemianopia. 

In  the  next  patient.  No.  18  (figs.  0  and  7),  the  lesion  lay  somewhat 
higher  than  in  any  other  case  of  this  group,  occupying  mainly  the 
superior  parietal  lobule  ;  but  there  was  definite  evidence  of  considerable 
subcortical  destruction.  The  semantic  defects  were  less  profound, 
although  he  showed  a  complete  hemianopia,  and  sensibility  was  slightly 
disturbed  in  the  right  hand. 
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He  was  wounded  by  shrapnel,  rapidly  became  unconscious,  and  woke 
to  find  himself  in  a  Base  Hospital.  When  admitted  under  my  care 
exactly  a  month  later,  no  operation  had  been  performed,  and  the  wound 
consisted  of  a  long  granulating  area,  which,  at  the  site  of  its  maximum 
breadth,  covered  a  small  stellate  fracture  of  the  skull.  In  the  centre 
of  this  portion  opened  a  small  sinus,  leading  into  the  substance  of 
the  brain. 

This  orifice  was  allowed  to  close  ;  but  suppuration  continued  in 
deeper  parts.  Finally,  we  explored  the  track  and  several  fragments  of 
bone,  lying  about  1'5  cm.  from  the  surface,  were  removed  from  the 
subcortical  tissues.  The  wound  then  became  reduced  to  a  minute  sinus, 
extending  for  8  cm.  downwards,  forwards  and  inwards ;  this  healed  com- 
pletely, seven  weeks  after  the  operation,  and  exactly  eight  months  from 
the  date  of  the  injury. 

The  position  of  this  opening  in  the  bone  could  be  determined  with 
greater  precision  in  1921,  when  he  again  came  under  my  care ;  I 
shall  therefore  depend  on  these  measurements  for  localizing  the  site  of 
the  lesion.  The  wound  was  then  a  firm,  deeply  depressed  scar  covering 
a  roughly  quadrilateral  area,  where  the  bone  had  been  destroyed.  This 
measured  2  cm.  in  either  direction,  and  the  superior  border  reached  to 
1"25  from  the  middle  line  of  the  scalp;  it  extended  between  two 
points  22'5  cm.  and  24'5  cm.  along  the  nasion-inion  line. 

If  this  area  was  plotted  on  the  surface  of  the  brain,  it  was  found 
to  lie  over  the  superior  parietal  lobule  ;  but,  when  interpreting  the  signs 
and  symptoms  presented  by  this  patient,  we  must  not  forget  the  definite 
evidence  of  subcortical  destruction  of  tissue  (figs.  6  and  7). 

No  abnormality  could  be  noticed  in  the  course  of  ordinary  conversa- 
tion beyond  a  certain  hesitancy  and  diffidence  in  expression.  Intona- 
tion, the  distribution  of  the  pauses,  and  the  syntax  of  each  phrase  were 
perfect ;  and  yet  there  was  a  tendency  for  his  talk  to  die  out  before  it 
had  reached  its  full  logical  conclusion.  He  named  correctly  and  repeated 
everything  he  heard  with  ease.  He  understood  what  was  said  to  him  and 
could  carry  out  simple  orders,  although  the  more  complex  oral  commands 
of  the  hand,  eye  and  ear  tests  confused  and  puzzled  him.  He  read 
silently  or  aloud,  and  understood  the  meaning,  if  it  was  simple  and  not 
complex.  He  wrote  his  name  and  address  correctly,  but,  when  he 
attempted  to  write  down  the  gist  of  what  he  had  been  told  or  had  read  to 
himself,  he  was  liable  to  make  curious  errors.  He  wrote  with  great 
rapidity,  as  if  afraid  of  forgetting  what  he  wanted  to  express.  These 
defects  were  particularly  evident  when,  after  reading  a  printed  paragraph 
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silently,  he  was  told  to  narrate  or  to  write  down  what  he  had  gathered 
from  it.  He  even  found  difficulty  in  writing  the  alphabet,  though  he 
could  say  it  correctly.  Simple  arithmetical  exercises  were  badly  per- 
formed ;  in  fact,  he  started  in  each  instance  from  left  to  right.  It  was 
not  the  detailed  significance  of  numbers  that  was  at  fault,  but  rather 
the  general  conception  of  the  acts  of  addition  and  subtraction.  Once 
this  had  been  corrected  in  his  mind  the  same  problems  were  easily 
solved.  Orientation  was  not  so  grossly  affected  as  in  some  of  the  other 
patients  of  this  group ;  but  the  plan  he  drew  of  the  room,  in  which  we 
had  so  often  worked,  was  defective,  although  he  could  indicate  orally  the 
relative  position  of  its  salient  points.  He  had  great  difficulty  in  formu- 
lating the  general  intention  of  some  act  he  was  about  to  perform 
spontaneously  or  to  order ;  he  could  not  even  lay  the  table  with 
certainty.  But  he  was  able  to  copy  simple  actions  with  ease,  pro- 
vided they  did  not  demand  recognition  of  several  alternatives.  Oral, 
pictorial,  and  printed  commands  suffered  to  an  almost  equal  extent.  He 
understood  straightforward  pictures  ;  but  those  which  demanded 
coherent  composition  or  the  simultaneous  comprehension  of  a  printed 
legend,  usually  failed  to  convey  to  him  their  full  meaning.  He  could 
play  no  games  with  pleasure  and  disliked  puzzles,  which  confused  him. 

The  other  signs  and  symptoms,  pointing  to  gross  destruction  in  the 
central  nervous  system,  remained  the  same  throughout  the  history  of 
the  case.  He  suffered  from  no  fits  or  seizure  of  any  kind  after  the 
wound  had  finally  healed.  In  1921,  he  showed  a  complete  right 
hemianopia  :  he  was  blind  to  colour,  form  and  movement  over  this  half 
of  the  field,  and  the  pupil  did  not  contract  to  light,  thrown  on  to  the 
nasal  side  of  the  right  and  the  temporal  jjortion  of  the  left  retina. 
Face  and  tongue  moved  equally  on  the  two  sides.  Individual  movements 
of  the  digits  could  be  carried  out  perfectly  with  the  eyes  open ;  but, 
when  they  were  closed,  the  fingers  of  the  right  hand  performed  these 
finer  movements  more  clumsily  and  less  perfectly  than  the  left.  More- 
over the  digits  on  the  right  side  were  slightly  atonic.  These  defects 
were  obviously  afferent  in  origin  and,  on  closer  examination,  the  power 
of  recognizing  posture  and  passive  movement  was  found  to  be  some- 
what diminished.  The  compass-test,  localization,  tactile  sensibility  and 
discrimination  of  shape,  weight  and  texture  were  unaffected.  All  the 
reflexes,  including  the  plantars  and  abdominals,  were  normal  and  equal 
on  the  two  sides. 

This  perfect  example  of  semantic  defects  of  symbolic  formulation 
-and  expression  was  due  to  injury  of  the  superior  parietal  lobule,  com- 
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bined  with  subcortical  destruction.  Bone  fragments  driven  into  the 
tissues  of  the  brain  had  led  to  suppuration,  and  it  is  impossible  to  deter- 
mine to  what  extent  this  subcortical  lesion  played  a  part  in  the  speeeh 
affection ;  but  it  was  evidently  responsible  for  the  gross  hemianopia 
and  probably  also  for  the  changes  in  sensibility. 

§  3. — The  Belation  of  the  Form  assumed  by  the  Aphasia  to  the  Site 
and  Nature  of  the  Lesion. 

In  each  example  dealt  with  in  the  previous  section  I  have 
attempted  to  map  out  on  the  surface  of  the  brain  the  approximate 
hmits  of  the  injury.  Since  the  impact  of  the  blow  came  from  without, 
the  cortex  was  affected  in  every  case ;  but  in  addition  all  showed  more 
or  less  evidence  of  subcortical  destruction.  In  some  instances  this  was 
severe  and  of  considerable  depth  ;  in  others  the  amount  of  deep 
structural  change  must  have  been  comparatively  slight. 

But,  if  my  contention  is  correct  that  such  lesions  produce  their 
effect  by  interrupting  a  highly  complicated  form  of  behaviour,  the 
additional  presence  of  subcortical  changes  is  not  of  fundamental  im- 
portance with  regard  to  the  nature  of  the  manifestations,  although  it 
has  a  profound  effect  on  their  severity  and  duration.  Were  aphasia 
due  to  destruction  or  ablation  of  specific  centres  for  speech,  strict 
limitation  of  the  lesion  to  the  cortex  would  be  a  necessary  preliminary 
to  any  attempt  at  anatomical  localization  of  function.  But  such  con- 
ditions have  rarely  if  ever  been  fulfilled  even  in  the  most  satisfactory 
cases  where  a  careful  microscopical  examination  has  been  carried  out. 
Destruction  was  sometimes  confined  to  subcortical  tissues  ;  but,  if  it 
affected  the  cortex,  the  deeper  structures  were  almost  always  more  or 
less  involved. 

These  changes  interfere  with  the  orderly  march  of  a  highly  in- 
tegrated series  of  voluntary  and  automatic  processes,  which  require 
perfect  action  of  cortical  and  subcortical  mechanisms.  Now,  in  all  my 
aphasic  patients  with  gunshot  wounds  of  the  skull  the  injury  of  neces- 
sity affected  the  surface  of  the  brain,  to  whatever  depth  it  may  have 
penetrated.  It  is  impossible,  therefore,  from  such  material  to  deduce 
any  specific  difference  between  the  results  produced  by  a  cortical  or 
subcortical  lesion.  We  can,  however,  conclude  that  the  deeper  it 
extended  the  more  severe  and  lasting  was  the  disorder  of  speech. 

Bearing  these  facts  in  mind,  can  we  draw  any  conclusions  from 
such  cases  with  regard  to  the  relation  between  the  site  of  the  lesion  and 
the  nature  of  the  aphasic  manifestations  ?     The  number  of  my  patients, 
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in  whom  the  injury  was  sufficiently  hmited  to  be  of  any  localizing  value 
is  lamentably  small  ;  but  in  all  of  them  the  clinical  signs  and  symptoms 
were  worked  out  with  unusual  care  and  they  have  been  under  observa- 
tion for  long  periods,  extending  in  some  instances  over  many  years. 
This  material,  though  of  great  scientific  value  for  determining  the  forms 
assumed  by  disorders  of  speech,  is  in  no  sense  ideal  for  anatomical 
localization.  But,  with  many  reservations,  I  think  it  is  capable  of 
leading  us  to  certain  tentative  conclusions. 

Thus,  in  all  three  cases  of  uncomplicated  verbal  aphasia,  the  lesion 
lay  mainly  within  or  beneath  the  central  convolutions.  No.  6  was  an 
ideal  example  ;  for  his  wound  consisted  of  a  longitudinal  incision,  5  cm. 
in  length,  which  penetrated  to  the  brain  and  lay  over  the  lower  portion 
of  the  precentral  gyrus.  The  only  abnormal  sign,  apart  from  his 
affection  of  speech,  was  transient  weakness  of  the  right  half  of  the 
face  and  tongue.  Motion,  sensibility,  and  the  reflexes  were  entirely 
unaffected. 

No.  20,  in  whom  an  extracerebral  tumour  pressed  upon  the  lower 
part  of  the  precentral  gyrus,  is  also  of  interest  in  this  connection. 
The  operation  for  its  removal  was  followed  not  only  by  severe  verbal 
aphasia,  but  also  by  motor  hemiplegia  unaccompanied  by  any  form  of 
sensory  disorder.  The  abnormal  physical  signs  cleared  up  rapidly  and 
even  the  affection  of  speech  diminished  to  a  profound  degree,  although 
to  the  end  it  maintained  its  specific  verbal  character. 

No.  17  was  of  much  less  importance  from  an  anatomical  point 
of  view  ;  for,  although  the  superficial  extent  of  the  wound  fell  over  the 
lower  portion  of  the  pre-  and  post-central  gyri,  the  gravest  lesion 
was  an  abscess  in  the  substance  of  the  brain  beneath  them.  This  was 
responsible  for  the  gross  hemiplegia,  both  motor  and  sensory,  on 
the  right  half  of  the  body.  But,  in  spite  of  the  extent  of  these 
destructive  changes,  the  aphasia  assumed  a  purely  verbal  form  and 
passed  away  almost  completely. 

So  far  we  are  justified  in  stating  that  a  lesion  situated  within  the 
lower  portion  of  the  central  convolutions,  or  the  structures  beneath 
them,  is  liable  to  evoke  what  I  have  called  verbal  defects  cf  symbolic 
formulation  and  expression.  These  parts  are  not  centres  for  any 
constituent  element  of  speech  ;  but  injury  in  this  region  produces 
defects  in  the  use  of  language,  which  tend  to  assurue  this  f^pecific  form. 

When  we  turn  to  the  three  traumatic  cases  of  syntactical  aphasia, 
we  are  led  to  an  equally  definite  conclusion.  Pick  [11]  has  always 
contended  that  a  disorder  of  speech,  consisting  of  true  jaigon,  or  as  he 
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calls  it  "  agrammatism,"  is  associated  with  lesions  of  the  temporal  lobe. 
With  this  conclusion  I  am  in  entire  agreement ;  all  my  three  patients, 
who  suffered  in  this  way,  had  lesions  of  this  portion  of  the  brain. 

In  No.  15,  the  bullet  entered  close  to  the  root  of  the  nose  and 
passed  backwards  through  the  left  temporal  lobe  to  make  its  exit  just 
above  the  left  ear.  The  left  eye  was  destroyed,  but  the  field  of  vision 
in  that  which  remained  showed  the  upper  quadrantic  blindness 
described  by  Gushing  [5]  as  characteristic  for  lesions  within  the 
substance  of  the  temporal  lobe.  There  was  slight  paresis  of  the  right 
half  of  the  face  and  tongue  with  an  upward  plantar  response  and  loss 
of  abdominal  reflexes  on  the  same  side  ;  but  there  was  no  paralysis  of 
the  limbs,  motor  or  sensory,  at  any  time.  Subsequently  the  patient 
developed  characteristic  seizures,  preceded  by  an  abnormal  "  smell  " 
and  associated  with  a  "dreamy  state,"  each  of  which  was  followed  by 
some  increase  in  the  degree  of  syntactical  aphasia. 

In  No.  13,  the  original  wound  seems  to  have  consisted  of  two 
separate  perforations  of  the  skull,  which  led  down  to  independent 
suppurating  foci.  Of  these,  the  uppermost  lay  in  the  neighbourhood  of 
the  central  fissure,  whilst  the  lower  one  fell  over  the  first  temporal 
gyrus  and  inferior  lip  of  the  Sylvian  fissure.  The  nature  of  the  clinical 
manifestations  seemed  to  indicate  that  the  latter  injury  was  mainly 
responsible  for  the  affection  of  speech.  But  in  addition  there  was 
slight  paresis  of  the  right  half  of  the  face  and  tongue,  which  rapidly 
passed  away,  associated  with  some  weakness  and  high-grade  changes  in 
the  postural  sensibility  of  the  right  hand.  The  reflexes  and  visual  fields 
were  entirely  unaffected. 

The  lesion  in  No.  14  fell  exactly  over  the  same  area  on  the  surface 
of  the  brain  as  that  of  the  lower  wound  in  the  previous  case.  It 
occupied  the  first  temporal  gyrus  and  fissure  of  Sylvius,  but  evidently 
extended  more  deeply  into  the  subcortical  tissues;  for  it  was  associated 
on  the  right  half  of  the  body  with  a  gross  sensbry  hemiplegia,  absent 
abdominal  reflexes  and  an  upward  plantar  response.  At  first  speech 
was  extensively  affected,  but  finally  the  aphasia  assumed  a  purely 
syntactical  form.  This  patient  also  suffered  from  seizures  associated  with 
a  "  dreamy  state  "  and  an  unpleasant  taste  or  smell,  so  characteristic  of 
lesions  of  the  temporal  lobe. 

Thus  the  temporal  lobe  was  the  one  constant  site  of  the  injury 
in  all  these  cases  of  pronounced  syntactical  aphasia  (Nos.  15,  13  and  14) 
and  two  of  them  were  accompanied  by  other  characteristic  signs  and 
symptoms  of  a  lesion  in  this  situation. 
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So  far,  the  anatomical  conclusions  to  which  I  have  arrived  do  not 
diverge  materially  from  those  of  other  observers.  Granting  that  my 
views  of  the  nature  of  the  clinical  manifestations  differ  fundamentally 
from  those  usually  held,  it  is  obvious  that  what  I  have  called  "  verbal 
defects  "  of  symbolic  formulation  and  expression  comprise  the  more 
specific  examples  of  "motor"'  aphasia  and  "  anarthria  "  in  Marie's 
sense  of  the  word.  These  morbid  states  are  notoriously  evoked  more 
readily  when  the  lesion  falls  mainly  on  the  lower  half  of  the  central 
convolutions  and  the  parts  which  lie  immediately  beneath  them. 
My  three  cases  bear  out  this  conclusion. 

Moreover,  true  jargon  has  long  been  associated  with  disease  of  the 
temporal  lobe  and  this  form  of  defect  of  speech  is  comprised  amongst 
the  manifestations  of  syntactical  aphasia.  This  localization  is  supported 
by  my  three  examples  of  gunshot  injury,  where  the  loss  of  symbolic 
formulation  and  expression  assumed  this  form. 

But,  when  we  consider  the  effect  of  lesions  situated  behind  the 
post-central  fissure,  the  material  at  my  disposal  is  unsuitable  for  strict 
anatomical  localization.  The  injuries  were  too  diffuse  and  the  limits  of 
the  various  structural  areas  on  the  surface  of  the  brain  are  less  easy  to 
define.  Clinically,  however,  there  can  be  little  doubt  that  unilateral 
lesions  situated  between  the  post-central  fissure  and  the  occipital  lobule, 
including  the  supramarginal  and  angular  gyri,  are  liable  to  evoke  two 
diverse  forms  of  disorder  in  the  use  of  language.  One  group  of  defects, 
which  I  have  called  "nominal,"  is  shown  by  difficulty  in  recognizing 
the  meaning  of  such  symbols  as  words  or  figures  and  by  inability  to 
find  appropriate  names  for  objects.  The  other,  or  semantic  form  of 
aphasia,  appears  as  a  more  general  lack  of  logical  sequence  in  word 
or  deed,  accompanied  by  defective  appreciation  of  the  ultimate  signifi- 
cance of  statements  communicated  orally,  m  print,  or  by  means  of 
pictures. 

If  we  first  consider  the  cases  which  belonged  clinically  to  this 
semantic  group,  No.  10  is  the  most  satisfactory  from  an  anatomical 
point  of  view.  A  hand-grenade,  exploding  prematurely,  had  produced 
a  small  fracture  of  the  skull  over  the  left  parietal  region.  Fragments 
of  bone  pierced  the  dura  and  produced  an  injury  of  the  supramarginal 
gyrus,  which  did  not  extend  deeply  into  the  brain.  The  clinical  mani- 
festations formed  a  perfect  example  of  semantic  aphasia,  uncomplicated 
by  any  other  signs  or  symptoms  of  injury  to  the  central  nervous 
system. 

No.  5  was  the  only  example  amongst  my  collection  of  war  injuries 
where  a  right-sided  lesion  in  a  left-handed  man   was  associated  with 
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disorders  of  speech.  A  rifle  bullet  had  entered  the  brain  in  the  neigh- 
bourhood of  the  contingent  parts  of  the  supramarginal  and  angular 
gyri ;  it  was  removed  from  a  depth  of  about  4  to  5  cm.,  and  the  wound 
healed  in  a  fortnight.  Clinically  this  patient  was  a  perfect  instance 
of  semantic  aphasia,  unaccompanied  by  any  other  signs  or  symptoms  of 
injury  to  the  central  nervous  system. 

No.  8  was  an  equally  characteristic  example,  accompanied  by  partial 
hemianopia.  The  missile  had  traversed  the  brain  almost  directly  from 
side  to  side,  but  I  could  find  no  abnormal  signs  corresponding  to  the 
injury  of  the  right  hemisphere.  The  wound  of  entry,  which  was 
responsible  for  all  the  morbid  manifestations,  both  of  speech  and  vision, 
lay  over  the  supramarginal  gyrus  and  part  of  the  superior  parietal 
lobule. 

In  No.  18,  the  fourth  example  of  this  clinical  group,  there  was 
definite  evidence  of  subcortical  suppuration.  The  orifice  of  the  small 
but  deep  wound  had  been  allowed  to  close  prematurely  and,  at  a  sub- 
sequent operation,  we  removed  several  fragments  of  bone  lying  about 
1'5  cm.  from  the  surface  of  the  brain.  The  external  injury  lay  over 
the  superior  parietal  lobule.  Although  the  semantic  defects  were  less 
severe  than  in  the  other  cases,  he  showed  in  addition  gross  hemianopia 
and  slight  sensory  changes  in  the  right  hand. 

Thus  in  all  four  instances  where  the  disturbance  of  speech  assumed 
a  semantic  form  the  main  lesion  lay  behind  the  post-central  fissure, 
in  the  neighbourhood  of  the  supramarginal  gyrus  and  the  superior 
parietal  lobule. 

Nominal  aphasia  forms  one  of  the  most  distinctive  abnormalities  of 
speech.  But  in  two  only  of  my  patients  was  the  condition  due  to 
injury  of  the  skull  and  in  one  of  these  the  area  of  destruction  was 
too  wide  to  be  of  any  value  from  the  point  of  view  of  anatomical 
localization. 

In  No.  7,  the  wound  was  an  arrow-shaped  fracture,  about  4  cm, 
by  2  cm.,  which  lay  over  the  angular  gyrus.  Beyond  the  nominal 
aphasia,  he  showed  no  signs  or  symptoms  pointing  to  injury  of  the 
central  nervous  system. 

No.  2  was  clinically  one  of  the  most  perfect  examples  of  this  group, 
and  I  have  watched  his  progress  for  nearly  five  years.  But  the  injury 
was  a  widespread  fracture  of  the  skull,  which  covered  an  area 
corresponding  to  the  angular  gyrus,  superior  parietal  lobule  and  arcus 
parieto-occipitalis ;  its  anterior  border  extended  as  far  foi  wards  as  the 
middle  of  the   supramarginal  gyrus.      We  must,  however,  bear  in  mind 
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that  this  fTJves  the  extreme  limits  of  the  injury  within  which  the 
destruction  of  brain  tissue  occupied  an  unknown  but  smaller  extent. 
The  lesion  extended  sufficiently  deeply  to  produce  a  complete 
right  hemianopia ;  but  there  were  no  further  abnormal  signs  or 
symptoms. 

No  definite  anatomical  conclusions  of  differential  value  can  be 
deduced  from  these  examples  of  semantic  and  nominal  aphasia.  Both 
forms  of  defective  use  of  language  can  be  evoked  most  readily  by 
injuries  which  fall  over  an  area  lying  between  the  post-central  and 
interparietal  fissures,  that  is,  over  the  supramarginal  and  angular  gyri 
and  the  parts  beneath  them.  But  it  would  seem  as  if  a  lesion  producing 
nominal  aphasia  tended  to  lie  somewhat  farther  back  than  one  which 
was  associated  with  semantic  disorders  of  symbolic  formulation  and 
expression. 

Chapter  IV. — General  Conclusions  and  Summary, 

§   1. — General  Conclusions. 

The  use  of  language  in  its  various  forms  is  acquired  during  the  life 
of  the  individual,  and  finally  comprises  a  number  of  habitual  actions, 
mental  and  physical,  which  can  be  modified  at  will.  An  act  of  speech  is 
a  march  of  events,  where  one  changing  condition  passes  insensibly  into 
another.  When  speech  is  defective,  this  easy  motion  or  transition  is 
impeded  ;  one  state  cannot  flow  into  another  because  of  some  mechanical 
imperfection  in  the  process.  The  power  of  finding  words,  the 
rhythmic  modulation  and  balance  of  a  phrase,  the  appreciation  of 
meaning  and  intention,  verbal  or  general,  are  thrown   into  disorder. 

The  processes  which  underlie  an  act  of  speech  run  through  the 
nervous  system  like  a  prairie  fire  from  bush  to  bush ;  remove  all 
inflammable  material  at  any  one  point  and  the  fire  stops.  So,  when 
a  break  occurs  in  the  functional  chain,  orderly  speech  becomes  impos- 
sible, because  the  basic  physiological  processes  which  subserve  it  have 
been  disturbed.  The  site  of  such  a  breach  of  continuity  is  not  a 
"  centre  for  speech,"  but  solely  a  place  where  it  can  be  interrupted  or 
changed. 

But  the  term  has  been  habitually  employed  in  a  more  inclusive  and 
difl"erent  sense.  Cortical  "  centres  "  for  motion,  sensation  or  speech  are 
supposed  to  be  areas  on  the  surface  of  the  brain  within  which  certain 
forms  of  neural  activity  are  originated.     A  function  is  "  localized  "  in  a 
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more  or  less  restricted  group  of  cells,  and  ablation  or  injury  in  this 
region  destroys  the  power  to  generate  the  ''  energy  "  requisite  for  some 
particular  form  of  behaviour.  This  view  is  a  heritage  from  the  doctrine 
of  "  faculties,"  reinforced  by  the  results  obtained  on  experimental 
stimultion  of  the  cortex. 

Most  "so-called  ''  centres  "  in  the  nervous  system  are  strictly 
speaking  nodal  foci,  where  central  neural  activities  undergo  integration 
and  other  changes  in  relation  to  one  another.  Like  the  points  on  the 
railway,  they  determine  the  subsequent  course  of  events.  This  may 
happen  automatically  or  voluntarily,  just  as  the  passage  of  a  train 
msiy  set  the  track  for  its  successor,  or  the  mechanism  may  be  manipu- 
lated at  the  will  of  the  man  in  the  signal  box  in  response  to  information 
received  from  without.  Such  a  "  centre  "  also  forms  a  shunting  station 
where  one  group  of  impulses  is  guided  in  one  direction,  whilst  another 
passes  on  into  some  fresh  combination. 

Whenever  a  primitive  function  is  rendered  more  perfect  and  is 
given  a  wider  range  of  purposive  adaptation,  the  structures  which  are 
primarily  responsible  for  its  existence  become  linked  up  with  those 
on  a  higher  anatomical  plane  of  the  nervous  system.  But  many  of  the 
more  mechanical  processes  and  the  actual  force  expended  may  still 
be  furnished  by  the  lower  functional  levels.  No  fresh  "energy"  is 
generated  by  this  higher  integration,  but  the  response  gains  in  freedom  ; 
it  can  be  more  closely  regulated  according  to  the  needs  of  the  moment 
and  brought  into  harmony  with  the  reaction  of  the  organism  as  a 
whole.  This  is  the  purpose  of  that  series  of  complex  integrative 
changes  which  start  with  the  birth  of  afferent  impressions  at  the 
periphery  and  continue  until  their  ultimate  consequences  act  on  the 
final   efferent  path. 

Speech,  reading  and  writing  are  acquired  at  a  period  when  the 
central  nervous  system  is  structurally  complete.  They  require 
the  perfect  interaction  of  widely  different  forms  of  behaviour,  both 
psychical  and  somatic,  combined  at  the  moment  to  a  single  end. 
There  is  nothing  exclusive  about  acts  of  symbolic  formulation  and 
expression ;  they  employ  highly  integrated  functional  arrangements, 
developed  originally  for  other  simpler  purposes.  These  in  turn  depend 
on  the  integrity  of  a  series  of  arcs  or  circuits,  subserving  processes  on 
the  most  diverse  physiological  levels,  the  highest  of  which  are  to  be 
found  in  the  cortex. 

Even  motor  reactions,  aroused  by  electrical  stimulation,  consist 
of  a  march  of  events  with  a  definite  temporal  relation ;  for  the  response 
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obtained  at  any  one  moment  depends  on  what  has  happened  before. 
Motor  "  centres,"'  even  in  the  cortex,  cannot  be  the  sole  and  primary 
foci  from  which  movements  are  initiated  and  determined  ;  they  form 
rather  the  means  by  which  we  are  enabled  to  interfere  with  otherwise 
automatic  acts,  modifying  them  in  accordance  with  our  voluntary 
requirements.  Their  function  is  that  of  a  switch,  facilitating,  diverting, 
or  even  reversing  the  habitual  course  of  events.  Injury  or  destruction 
interrupts  these  processes  for  a  time  ;  but  readjustment  occurs  if  the 
lesion  has  not  been  too  extensive  or  profound.  Although  the  "  centre  " 
has  been  completely  removed,  the  movement  can  be  performed,  perhaps 
a  little  more  slowly  and  uncertainly,  but  otherwise  with  no  noticeable 
defect. 

The  structural  mechanism  required  for  the  normal  use  of  language 
not  only  comprises  parts  of  the  cortex  exercising  functions  of  various 
levels  in  the  neural  hierarchy,  but  also  requires  the  synergic  activity  of 
centres  on  a  deeper  anatomical  plane.  A  lesion  at  some  appropriate 
place  on  the  surface  of  the  brain  can  interrupt  speech  for  a  time.  Sooner 
or  later  the  flow  is  re-established ;  but,  the  deeper  and  more  acute  the 
injury,  the  greater  will  be  the  severity  and  duration  of  the  disturbance. 
The  reaction  tends  to  assume  a  stereotyped  form ;  it  is  evoked  slowly 
and  after  an  undue  expenditure  of  effort.  The  deeper  the  destruction 
of  tissue,  the  greater  is  the  resistance  interposed  between  the  initiation 
and  completion  of  the  processes  required  for  some  particular  act  of 
speech. 

The  power  to  express  ourselves  in  spoken  words  is  acquired  by 
voluntary  effort,  but  ultimately  becomes  almost  automatic.  In  the  same 
way,  when  learning  to  play  the  piano,  the  fingers  are  at  first  laid 
laboriously  on  each  key,  and  a  complicated  apparatus  is  thrown  into 
action,  which  sounds  the  note.  Soon,  with  practice,  the  fingers  move 
automatically  and  consciousness  is  occupied  in  reading  the  musical 
symbols  on  the  printed  page.  Finally,  with  increased  facility,  even  this 
becomes  almost  automatic  ;  the  expert  musician  scarcely  sees  the  page, 
for  the  nature  of  the  musical  phrase  suggests  to  him  the  sequence  of  the 
accompanying  harmonies. 

Any  high-grade  aptitude,  such  as  the  use  of  language,  acquired  by 
conscious  effort,  is  carried  out  with  practice  more  and  more  unwittingly 
and  the  functional  adaptations  on  which  it  relies  become  gradually 
engulfed  in  the  automatic  activities  of  the  central  nervous  system. 
As  this  habituation  proceeds,  the  particular  mode  of  behaviour  in 
question  depends  to  an  increasing  extent  on  the  orderly  sequence  of  a 
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series  of  predetermined  reactions.  Gross  organic  injury  does  not 
remove  the  structural  basis  of  a  "  faculty  "  or  the  repository  of 
"  images,"  but  disturbs  the  march  of  events  necessary  for  the  perfect 
accomplishment  of  some  acquired  act  ;  this  can  be  relearnt,  even 
after  ablation  of  the  whole  of  its  "  cortical  centre." 

The  form  and  extent  of  the  disorder  of  function  depend  on  the 
stage  in  the  life  of  the  individual  at  which  this  mode  of  behaviour 
was  developed  ;  more  recent  aptitudes  suffer  in  excess  of  those  acquired 
earlier  in  ontological  history.  Each  human  being  learns  to  speak  and 
to  understand  what  is  said  to  him  during  his  earliest  years  ;  the  arts  of 
reading  and  writing,  on  the  other  hand,  become  possible  only  after 
he  can  already  express  himself  fluently  in  words,  and  the  vast  mass  of 
mankind  remain  permanently  illiterate.  Anything  which  disturbs  the 
free  use  of  language  will  therefore  tend  to  affect  the  power  of  reading 
and  writing  to  a  profound  degree.  Articulated  speech,  the  oldest 
acquisition  racially  and  individually,  exhibits  the  most  specific  and 
particular  changes,  whilst  the  recently  developed  powers  of  reading 
and  writing  are  more  massively  and  indifferently  affected.  The 
condition  of  articulated  speech  and  the  power  of  comprehending  spoken 
words  are  therefore  the  best  indication  of  the  form  assumed  by  an 
aphasia,  and  the  names  I  have  selected  have  been  chosen  to  characterize 
this  aspect  of  the  disorder. 

These  diverse  defects  of  speech  do  not  reveal  the  elements  out  of 
which  the  use  of  language  is  built  up ;  on  the  contrary,  they  show  the 
way  in  which  a  highly  complicated  series  of  acts  can  be  disturbed  by 
lesions  of  certain  parts  of  the  brain.  It  is  the  custom  to  assume  that, 
when  some  particular  form  of  behaviour  is  thrown  into  disorder,  the 
manifestations  reveal  the  functions  which  combined  for  its  development, 
exactly  as  a  chemical  salt  can  be  analysed  into  an  acid  and  a  base. 
But  in  most  instances  this  is  not  true,  as  far  as  the  negative  phenomena 
are  concerned ;  they  are  morbid  variants  of  the  disturbed  form  of 
behaviour. 

Although  the  negative  effects  of  a  lesion  are  expressed  in  terms  of 
the  affected  process,  the  positive  manifestations  may  reveal  activities 
which  under  normal  conditions  are  controlled  or  suppressed.  A  glass 
fire-screen  allows  the  light  to  pass,  but  shuts  off  most  of  the  heat. 
Should  it  be  broken,  the  fragments  do  not  reveal  the  elements  out  of 
which  it  was  made,  though  it  may  be  possible  empirically  to  determine 
that  one  came  from  the  upper,  another  from  the  lower  corner.  On  the 
other  hand,  removal  of  the  obstructing  pane  of  glass  now  permits  the 
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heat  of  the  tire  to  radiate  freely  into  the  room.  The  various  forms  of 
aphasia,  being  for  the  most  part  negative  efifects  of  the  lesion,  show 
how  the  use  of  language  can  be  broken  up  rather  than  the  elements 
out  of  which  it  is  composed. 

The  more  definitely  the  injury  destroys  the  lower  portion  of  the 
pre-  and  post-central  convolutions  and  the  parts  which  lie  beneath 
them,  the  more  likely  are  the  defects  to  assume  a  "verbal"  form.  A 
lesion  in  the  neighbourhood  of  the  upper  convolutions  of  the  temporal 
lobe  tends  to  produce  "  syntactical  "  disorders  of  speech.  Destruction 
round  about  the  region  of  the  angular  gyrus  causes  lack  of  appreciation 
of  general  symbolic  significance  and  intention,  defects  which  I  have 
called  "  semantic."  A  lesion  situated  somewhat  more  posteriorly  seems 
to  disturb  the  power  to  discover,  to  understand,  and  to  employ  names 
and  other  nominal  expressions. 

No  one  part  of  this  wide  area  on  the  surface  of  the  brain  is  associated 
exclusively  with  the  processes  of  speech  ;  activities  of  a  lower  order  can 
be  disturbed  coincidently  with  the  use  of  language.  Thus,  a  lesion  of 
the  precentral  convolution  on  the  left  side  not  only  produces  verbal 
aphasia,  but  is  accompanied  in  the  acuter  stages  by  defective  movements 
of  the  face  and  tongue.  But  these  various  disorders  belong  to  different 
levels  of  functional  integration  and  the  term  "  motor"  cannot  be  trans- 
ferred from  the  defective  movements  to  the  lack  of  ability  to  employ 
verbal  symbols.  Moreover,  the  two  disorders  of  function  obey  Jackson's 
law,  in  that  motion  returns  to  the  face  and  tongue  before  the  more 
highly  integrated  and  recently  acquired  power  to  employ  words  in 
speech. 

§  2. — Summary. 

(1)  Speech  and  the  use  of  language  in  its  widest  forms  require  the 
perfect  performance  and  interaction  of  a  series  of  processes  of  great  com- 
plexity. Acquired  during  the  life  of  the  individual,  these  are  perfected 
by  voluntary  effort,  and  finally  come  to  consist  of  the  orderly  exercise 
of  functions,  conscious,  subconscious  and  wholly  automatic,  all  working 
together  in  harmony. 

(2)  Once  acquired,  this  form  of  behaviour  can  be  disturbed  by  any- 
thing which  interrupts  the  orderly  precision  of  the  physiological 
processes  on  which  it  depends. 

(3)  The  resulting  loss  of  function  is  expressed  in  terms  of  the 
complete  act,  and  does  not  reveal  the  "  elements  "  out  of  which  it  is 
composed  or  developed. 

(4)  To  the    group  of   functions   which    suffer   in    these  high-grade 
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disorders  of  speech  I  have  applied  the  term  "  symbolic  formulation  and 
expression."  This  is  a  purely  empirical  designation,  chosen-  to 
signify  that  the  power  to  manipulate  such  symbols  as  words  and 
numbers  is  most  profoundly  affected. 

(5)  Acts  of  symbolic  formulation  and  expression  are  built  up  on 
a  level  of  integration  superior  to  that  of  motion,  and  are  of  a  higher 
order  than  sight  or  hearing.  Consequently,  the  clinical  manifesta- 
tions cannot  be  classified  as  "motor,"  "visual"  or  "auditory"  defects 
of  speech. 

(6)  Moreover,  the  clinical  facts  entirely  fail  to  bear  out  the  con- 
tention that  the  various  forms  assumed  by  these  disorders  of  the  use 
of  language  can  be  classified  in  distinct  categories  as  faults  of 
speaking,  of  reading,  or  of  writing.  These  are  purely  Imguistic  terms 
for  diverse  forms  of  human  behaviour,  and  do  not  even  correspond 
specifically  to  groups  of  psychical  functions. 

(7)  There  are  no  "  centres  "  for  speaking,  reading,  writing  or  other 
forms  of  behaviour  comprised  in  the  normal  use  of  language. 

On  the  other  hand,  there  are  areas  of  the  brain  within  which 
structural  injury  can  produce  disorders  of  symbolic  formulation  and 
expression.  This  is  manifested  in  diminished  capacity  to  employ  words 
and  figures  in  certain  ways  and  under  certain  definite  conditions. 

(8)  The  form  assumed  by  an  aphasia  may  differ  with  the  site  of  the 
lesion.  The  structural  injury  interrupts  in  various  ways  the  sequence 
of  complex  processes  necessary  for  orderly  speech,  and  so  produces 
diverse  clinical  manifestations. 

If  it  falls  over  the  lower  portion  of  the  central  convolutions  and  the 
parts  beneath  them,  the  patient  has  difficulty  in  finding  verbal  forms  in 
which  to  express  his  thoughts.  Injury  to  the  temporal  lobe,  on  the 
other  hand,  leads  to  disordered  rhythm  and  want  of  grammatical 
structure  ;  speech  tends  to  become  true  jargon.  A  lesion  lying  between 
the  post-central  fissure  and  the  occipital  lobule  disturbs  the  appreciation 
of  meaning,  either  verbal  or  general.  In  the  first  case,  it  is  mainly  the 
nominal  value  of  words  which  suffers ;  in  the  latter,  the  patient  finds 
difficulty  in  recognizing  the  ultimate  significance  of  logical  conceptions 
evolved  by  himself,  or  placed  before  him  orally,  in  print  or  in  pictures. 

(9)  Cortical  and  subcortical  mechanisms  participate  in  every  act 
of  language.  The  deeper  a  lesion  extends  from  the  surface  into  the 
substance  of  the  brain,  the  more  definite  and  permanent  will  be 
the  disorders  of  speech. 

(10)  Acuteness  of  onset  has  a  profound  effect  on  the  severity  and 
nature    of    the    morbid    manifestations.       A    small    destructive    lesion 
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arising  suddenly,  may  produce  a  greater  loss  of  function  than  one  of 
wider  extent  but  slower  incidence.  Should  the  structural  changes 
remain  quiescent,  readjustment  of  function  can  occur,  and  signs  and 
symptoms  tend  to  diminish  or  pass  away.  They  may  reappear  under 
the  influence  of  fatigue  or  any  event  which  lowers  neural  capacity, 
such  as  an  epileptiform  seizure. 

APPENDIX. 

I  have  selected  for  fuller  description  five  characteristic  cases  from 
amongst  those  mentioned  in  the  text.  In  the  present  paper  I  have 
dealt  solely  with  patients  where  the  affection  of  speech  was  due  ta 
an  injury,  because  I  was  able  in  every  such  instance  to  obtain  some 
approximate  evidence  of  the  site  of  the  lesion.  But  my  views  on  the 
clinical  forms  and  nature  of  aphasia  are  also  based  on  a  series  of 
non-traumatic  examples,  which  I  hope  to  describe  later. 

§   1. — A  Case  of  Acute  and  Severe  Verbal  Aphasia,  clue  to  the  Removal  of 
an  Extra-cerebral  Tumour,  folloiced  tJirough  Various  Stages  of  Recovery. 

No.  20. — Alice  Lucy  Esther  B.,  a  widow  lady  of  56,  first  came  under  my 
care  on  May  29,  1922,  complaining  of  epileptiform  convulsions. 

In  1916  she  went  to  bed  one  night  at  10  o'clock  apparently  in  perfect 
health.  As  she  was  falling  to  sleep,  she  suddenly  felt  that  she  could  not  use 
her  right  hand,  particularly  the  thumb  and  index  finger.  She  sprang  up  in 
bed  with  a  sensation  of  choking  and  became  unconscious,  passing  urine  involun- 
tarily. Two  months  later  she  had  an  exactly  similar  attack,  and  in  the  course 
of  the  last  six  years  lost  consciousness  six  times  in  all.  But  from  time  to 
time  she  has  suffered  from  minor  seizures,  which  began  with  a  numb  feeling  '' 
in  the  thumb  ;  the  tip  then  became  flexed  towards  the  palm,  the  digits  "drew 
up"  and  she  was  unable  to  open  them.  Then  the  face  might  become  affected  ; 
but  if  the  hand  was  rubbed  vigorously  the  attack  would  often  come  to  an  end 
without  loss  of  consciousness. 

The  last  seizure,  which  was  a  slight  one,  occurred  on  May  20,  1922,  and 
began  with  the  usual  symptoms  in  the  thumb  and  index  finger  of  the  right 
hand.  She  did  not  become  unconscious,  but  for  six  or  seven  hours  afterwards 
her  speech  was  affected  and  she  was  unable  freely  to  express  her  wishes  ;  by 
3  a.m.  she  had  entirely  recovered.  This  loss  of  speech  so  greatly  alarmed  her 
that  she  determined  to  consult  a  specialist. 

When  she  first  came  under  my  care  she  was  an  extremely  vigorous  woman, 
w  o  not  only  managed  a  large  household,  but  carried  on  with  success  the 
business  of  a  decorator  and  paper  manufacturer. 

Her  pulse  was  normal,  except  that  the  tension  was  distinctly  high  (diastolic 
120  mm.,  systolic  190  mm.).     The  heart  was  unaffected.     Her  urine  was  of  a 
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specific  gravity  of  1020  and  contained  no  albumin  or  sugar  ;  but  in  the  past 
she  had  suffered  from  glycosuria,  which,  however,  could  be  completely  controlled 
by  a  moderate  restriction  of  diet. 

A  shrewd,  capable.  North-country  woman,  her  intelligence  was  much  above 
the  average  and  her  mental  state  had  remained  unchanged  by  her  illness. 
Speech  had  not  been  affected  except  during  the  last  attack.  She  told  me  :  "  I 
knew  what  I  wanted  to  say,  but  I  could  not  explain  it  to  anyone ;  I  couldn't 
seem  to  put  the  words  together  and  I  couldn't  have  made  a  long  sentence." 
When  she  came  under  my  care,  speech,  reading  and  writing  were  in  every  way 
perfect.  She  carried  on  her  business,  kept  accounts  and  made  all  the  arrange- 
ments for  her  stay  in  London  unaided  with  ease  and  assurance. 

She  denied  that  she  ever  suffered  from  headache,  but  complained  of  an 
unpleasant  sensation,  which  was  "not  a  pain,"  behind  the  eyes  and  over  the 
vertex.  This  was  increased  by  stooping  or  by  worry,  though  not  by  intel- 
lectual efforts  or  physical  fatigue.  At  no  time  had  her  head  been  sore  or 
tender.  She  had  vomited  after  the  attacks  in  which  she  became  unconscious, 
but  had  not  otherwise  suffered  even  from  nausea. 

Vision  was  f  in  either  eye  and  the  fundi  showed  no  changes  of  any  kind. 
Hearing,  smell  and  taste  were  excellent  in  every  way. 

The  pupils  reacted  well,  ocular  movements  were  perfectly  executed  and 
there  was  no  nystagmus.  The  face  moved  equally  on  the  two  sides  :  the 
tongue  was  protruded  straight  and  withdrawn  without  deviation. 

The  right  wrist-jerk  was  somewhat  brisker  than  the  left,  but  the  knee-  and 
ankle-jerks  were  normal  and  both  plantars  gave  a  downward  response.  In 
consequence  of  the  laxness  of  'the  abdominal  wall,  the  reflexes  were  obtained 
with  difficulty  even  to  the  left  of  the  middle  line  ;  on  the  right  side  I  could 
not  elicit  them  at  any  time. 

There  was  no  paralysis,  paresis,  tremor  or  inco-ordination.  Individual 
movements  were  as  well  executed  by  the  digits  of  the  right  as  by  those  of  the 
left  hand,  and  their  tone  was  in  no  way  affected.  Her  gait  was  normal  and 
she  could  stand  equally  well  on  either  foot  with  the  eyes  open  or  closed. 

The  most  careful  sensory  examination  failed  to  reveal  any  disturbance  of 
sensation.  Her  power  of  appreciating  the  tactile  hairs,  weight,  form,  texture, 
measured  movements  and  the  two  compass-points  was  equally  good  on  the 
two  sides,  and  localization  was  perfect. 

From  these  signs  and  symptoms  I  concluded  that  she  was  suffering  from 
the  effects  of  a  tumour,  probably  of  extra- cerebral  origin,  within  the  left  half 
of  the  cranial  cavity.  The  absence  of  sensory  defects  in  the  period  between 
the  attacks  led  me  to  believe  that  it  was  situated  in  front  of  the  fissure  of 
Rolando. 

On  June  20,  1922,  Mr.  Wilfred  Trotter  removed  a  smooth,  lobulated, 
fibrous  growth,  which  measured  5  cm.  antero-posteriorly,  4  cm.  vertically  and 
3'5  cm.  in  depth.  Microscopically  its  structure  was  that  of  a  fibro-endo- 
thelioma.  It  sprang  from  the  dura  mater,  which  was  in  turn  firmly  attached 
to  the  bone  above  it ;  this  was  soft  and  vascular,  cutcing  like  cheese.     The 


432  ORIGINAL    ARTICLES    AND    CLINICAL    CASES 

tumour  was  so  cai'efully  extracted  tliat  not  even  the  smallest  fragment  of 
cortical  tissue  adhered  to  the  mass  removed.  The  depression  it  liad  produced 
in  the  substance  of  the  brain  seemed  to  be  centred  around  the  meeting  point 
of  the  inferior  frontal  and  the  inferior  precentral  fissures. 

The  wound  healed  by  first  intention  and  the  patient  showed  no  evidence  of 
surgical  shock  or  other  unpleasant  manifestations.  But  on  the  day  after  the 
operation  she  was  speechless  except  for  the  words  "yes"  and  "no";  and 
even  "  no  "  was  sometimes  wrongly  employed,  when  she  intended  to  express 
assent.  This  aphasia  was  accompanied  by  complete  flaccid  hemiplegia  on  the 
right  side  of  the  body  with  paralysis  of  the  same  half  of  the  tongue  and  lower 
part  of  the  face.  The  right  plantar  reflex  gave  a  definite  upward  response,  and 
arm-  and  knee-jerks  were  brisker  than  those  on  the  normal  side. 

From  this  time  onwards  she  improved  steadily  day  by  day  both  physically 
and  in  her  powers  of  speech.  As  the  interest  of  this  case  lies  more  particularly 
in  the  order  and  manner  of  her  recovery,  as  revealed  by  systematic  examina- 
tion, I  shall  divide  my  report  into  two  portions,  the  first  of  which  narrates  the 
restoration  of  her  physical  powers,  whilst  the  second  deals  with  the  much 
slower  return  of  symbolic  formulation  and  expression. 

Ph ys ica I  Exa mina t  ion . 

On  the  fourth  day  after  the  operation  (June  24)  she  had  recovered  consider- 
able strength  in  the  right  leg,  and  could  even  dorsiflex  and  plantar  extend  the 
right  foot.  Some  power  had  returned  at  the  shoulder  and  elbow,  and,  although 
individual  movements  of  the  digits  were  impossible,  she  could  close  the  fingers 
over  mine  in  a  feeble  grasp.  The  lower  portion  of  the  right  lialf  of  the  face 
was  completely  paralysed,  and  the  tongue  deviated  grossly  to  the  same  side  on 
protrusion.  All  the  deep  reflexes  on  the  affected  half  of  the  body  were  brisker 
than  those  on  the  left  side ;  and  the  right  plantar  gave  a  characteristic  upward 
response. 

On  the  sixth  day  (June  26)  power  had  returned  to  a  remarkable  extent ; 
she  could  make  individual  movements  of  the  fingers  and  thumb  of  the  right 
hand,  and  the  grasp,  though  weaker  than  that  on  the  normal  side,  had  greatly 
increased  in  strength.  All  movements  were  now  readily  performed  by  the 
right  leg.  Some  slight  motion  had  returned  to  the  right  half  of  the  face,  and 
the  tongue  was  protruded  more  nearly  in  the  middle  line ;  she  could  now  lick 
the  right  angle  of  her  mouth  with  ease.  The  right  wrist-jerk  was  brisker  than 
the  left,  but  the  knee-  and  ankle-jerks  were  equal  on  the  two  sides.  On 
scratching  the  sole  of  the  right  foot,  the  great  toe  remained  stationary,  whilst 
the  others  nooved  downwards  and  became  approximated  to  one  another ; 
similar  excitation  of  the  normal  foot  led  to  brisk  downward  movement  of  all 
the  toes.  I  could  not  obtain  the  reflexes  from  the  I'ight  half  of  the  abdomen  ; 
but  even  those  on  the  normal  side  were  doubtful,  probably  owing  to  the  laxity 
of  the  abdominal  wall. 

On  the  seventh  day  (June  27)  every  movement  of  the  right  lower  extremity 
was  perfect,  and  crude  power  had  almost  completely  returned  to  the  right 
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hand.  When  the  arm  was  held  out  in  front  of  her,  the  fingers  were  in  aline- 
ment  with  one  another,  and  they  did  not  fall  away  on  closing  the  eyes.  The 
lower  part  of  the  right  half  of  the  face  acted  voluntarily,  though  less  perfectly, 
than  the  left,  and  the  tongue  was  protruded  in  the  middle  line.  I  could 
discover  no  sensory  loss  of  any  kind.  She  could  appreciate  passive  movements 
of  2°  in  all  the  digits,  and  answered  "front"  or  "back"  correctly.  She  had 
no  diflSculfcy  in  recognizing  the  shape  of  solid  geometrical  objects  placed  in  the 
right  hand,  and  nothing  pointed  to  any  "  stereognostic  "  defect. 

On  the  tenth  day  (June  30)  power  had  greatly  increased  in  the  whole  of  the 
right  upper  extremity ;  individual  movements  of  the  fingers  and  thumb  were 
now  possible,  and  the  grasp  of  the  right  hand  equalled  that  of  the  left.  The 
lower  portion  of  the  right  half  of  the  face  was  still  weaker  than  the  opposite 
side,  but  the  tongue  was  protruded  in  the  middle  line,  and  did  not  deviate  on 
retraction  into  the  mouth.  The  right  wrist-jerk  was  brisker  than  the  left, 
whilst  the  knee-  and  ankle-jerks  were  equal  on  the  two  sides,  and  the  right 
plantar  gave  a  completely  normal  response.  Her  power  of  appreciating 
geometrical  shapes  was  again  tested  and  found  to  be  perfect  with  either  hand. 

On  the  fourteenth  day  (July  4)  the  grasp  of  the  I'ight  hand  was  stronger 
than  that  of  the  left,  and  individual  movements  of  the  digits  were  equally  well 
performed  on  the  two  sides.  There  was  no  inco-ordination  or  ataxy,  and  the 
fingers  did  not  fall  out  of  alinement  when  the  eyes  were  closed.  The  two 
wrist-jerks  were  now  equal,  and  the  right  plantar  exactly  resembled  that 
obtained  from  the  normal  foot.  I  was  able  to  elicit  a  slight  reflex  from  the 
upper  half  of  the  abdomen  to  the  right  of  the  middle  line,  though  not  from 
parts  below  the  umbilicus  ;  but  it  must  be  remembered  that  these  reflexes  were 
obtained  with  great  difficulty  even  on  the  normal  side. 

On  the  sixteenth  day  (July  6)  I  could  find  no  definite  physical  signs 
pointing  to  loss  of  function  in  any  part  of  the  nervous  system.  The  patient 
was  free  from  headache  or  discomfort ;  even  the  opening  in  her  head  did  not 
trouble  her.  Vision  was  unaffected,  the  fields  were  not  restricted,  and  the 
fundi  normal.  The  pupils  reacted  well  and  movements  of  the  eyes  were 
perfect  in  all  directions.  The  right  half  of  the  face  moved  well,  and  I  could  not 
observe  any  difference  between  the  two  sides.  The  tongue  was  both  protruded 
and  withdrawn  in  the  middle  line.  Motor  power  of  both  upper  and  lower 
limbs,  including  individual  movements  of  the  fingers,  was  completely  restored, 
and  there  v^'as  no  sensory  loss  of  any  kind.  All  tlie  reflexes,  except  those  from 
the  abdomen,  were  normal  and  equal  on  the  two  sides. 

Thus,  at  the  expiration  of  sixteen  days  after  the  removal  of  an  extra- 
cerebral tumour  in  the  left  frontal  region,  a  complete  flaccid  hemiplegia 
affecting  the  face  and  tongue  had  cleared  up  entirely,  and  no  definite  difl"erence 
could  be  discovered  between  the  reaction  of  the  two  halves  of  the  body. 

Symbolic  Formulation  and  Expression. 

At  first  she  was  speechless  except  for  "yes"  and  "no";  and  even  "no" 
was  at  times  wrongly  employed.     Told  to  give  me  her  hand  or  touch  her  nose. 
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she  could  do  so.  but  became  confused  if  I  specified  either  the  right  or  the  left 
hand.  She  seemed  to  understand  simple  orders,  such  as  to  turn  over  in  bed 
or  move  the  arm  or  the  leg,  but  she  frequently  failed  to  comprehend  the  full 
significance  of  questions,  and  was  profoundly  puzzled  by  her  inability  to 
express  her  wants. 

By  the  sixth  day  (June  26)  her  speech  had  greatly  improved,  and  she  used 
"yes"  and  "no"  appropriately.  She  asked  spontaneously  for  an  "orange" 
and  for  "tea,"  and  employed  the  following  phrases:  "I  know  well  enough," 
"  Can't  say  well  enough,"  "  I  dont  know — no."  Asked  what  she  thought  of 
the  flowers  in  her  room,  she  said  :  "  Very  pretty,  very  pretty."  She  spoke 
extremely  slowly,  and  evidently  formed  the  words  with  difficulty ;  those  of 
more  than  one  syllable  tended  to  be  slurred,  or  were  divided  by  a  pause  of 
considerable  length  into  two  parts. 

She  understood  simple  statements,  but  was  liable  to  become  confused  if  the 
words  implied  a  complex  order.  Told  to  touch  her  nose  with  her  right  or  her 
left  hand,  she  did  so  correctly  four  times  in  succession  ;  but,  when  asked  to 
touch  her  nose  or  her  eye  with  one  or  other  hand,  which  introduced  a  double 
choice,  she  failed  in  four  out  of  eight  attempts. 

A  request  to  name  coins  placed  before  her  led  to  the  following  result : — 


A  penny 

qumny 

A  shilling 

"  sixpence  " 

A  halfpenny 

correct 

A  two- shilling  piece 

correct 

A  sixpence 

correct 

A  penny 

correct 

A  shilling 

correct 

A  halfpenny 

"  sixpence,  halfpenny  " 

A  two-shilling  piece 

"  Jew  shill-ns  " 

A  sixpence 

correct 

Asked  to  name  the  relative  value  of 

two  coins  laid  on  tlie  table  together. 

she  gave  the  following  answers  : — 

A  sixpence  and  a  shilling 

"sixpence" 

A  penny  and  a  shilling 

"  sixpence,  shill-en,  two  shil- 

lings, you  know  .  .  .  eleven" 

A  penny  and  a  sixpence 

"fivepence" 

A  shilling  and  a  two-shilling  piece 

"  one  and  six  " 

A  sixpence  and  a  two-shilling  piece 

"  sixpence,  shill-en  " 

A  halfpenny  and  a  penny 

"shill-en" 

On  the  seventh  day  (June  27)  I  was  able  to  test  her  with  a  set  of  familiar 
objects  in  the  usual  way.     (See  Table  1) 

Asked  to  point  to  the  object  on  the  table  which  corresponded  to  the  one 
shown  to  her  or  placed  in  her  left  hand  out  of  sight,  she  had  not  a  moment's 
doubt,  but  made  her  choice  with  great  rapidity ;  the  act  of  matching  was 
evidently  performed  with  ease.     She  also  chose  correctly,  though  more  slowly, 
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to  an  oral  command  and,  when  it  was  given  in  the  form  of  a  printed  word,  she 
made  two  mistakes  only.  Out  of  eighteen  attempts  to  name  these  ohjects,  she 
was  completely  si;ccessful  in  ten,  and  most  of  her  failures  were  due  to  defective 
word  formation  ;  the  sounds  she  uttered  hore  a  definite  relation  to  the  word 
she  was  seeking.  Thus  she  said  "  match-er,"  "match-ox,"  and  "match-oz," 
for  match-box,  and  "  pea-ny "  or  "pence"  for  penny.  Told  to  repeat  the 
names  after  me,  her  enunciation  was  better,  although  she  still  showed  some 
difficulty  in  verbal  formation.  When  she  attempted  to  write  them  down 
without  saying  them  aloud,  most  of  the  words  bore  some  relation  to  the  usual 
designation  of  the  object  before  her  ;  but  they  were  extremely  poorly  written 


Table   I. 


Pointing 

to  object 

shown 

Naming 

object 

indicated 

Oral  com- 
maniU 

Printed 
coniniands 

Duplicate 
placed  in 
hand  out 
of  sight 

Repetition 

Writing 

name  of 

object 

indicated 

Copying 
from  print 

Knife       . . 

Perfect 

Correct 

Correct 

Correct 

Perfect 

Correct 

rib 

Knive 

Key 

,, 

J3 

,, 

)S 

Beeg 

Gey 

Penny 

J, 

,, 

Punny 

penney 

Tenny 

Matches  . . 

J, 

Matcher 

,^ 

Correct 

]\Iahickes 

Mahickes 

Scissors    . . 

Correct 

,  J 

Secissors 

Ssuccoors 

Pencil 

J  J 

,, 

jj 

, , 

peicel 

Penceil 

Key 

,, 

,, 

, , 

,, 

Bey 

Key 

Scissors   . . 

" 

Key  ; 
corrected 

" 

" 

Sicissors 

Scissors 

Matches  . . 

.. 

Match- 

>. 

" 

Martchs 

Matchers 

Knife 

ox 
Correct 

" 

Knive 

Bnife 

1 

Knife 

Penny 

^,' 

Pea-ny 

Pencil 

Correct 

peinny 

Penny 

Matches  . . 

.. 

Match- 

)) 

Correct 

" 

Matches 

Mahches 

Scissors    . . 

oz 
Correct 

Scissars 

Ssissors 

Pencil 

]] 

No  answer 

)9 

,, 

pencel 

Penceil 

Penny 

J, 

Pence 

Pencil 

,, 

penny 

Penney 

Knife 

j^ 

Correct 

Correct 

,, 

Knife 

Knife 

Key 

" 

)» 

Knife  ; 
corrected 

•• 

guey 

1       Key 

Pencil 

" 

Knife ; 
no,  pencil 

" 

Correct 

" 

" 

pencel 

Pencel 

and  spelt.  The  individual  letters  were  badly  formed  and  the  structure  of  the 
words  was  defective.  This  was  the  case,  even  when  she  copied  them  from 
print  in  cursive  handwriting. 

Moreover,  a  characteristic  incident  occurred  at  the  beginning  of  the  written 
portion  of  these  tests.  After  explaining  to  her  that  she  was  to  write  down  the 
name  of  each  object  as  it  was  shown  to  her,  I  handed  her  a  block  of  paper, 
which  I  had  headed  with  the  word  "writing";  this  exercised  a  fatal  attrac- 
tion, and  she  insisted  on  copying  it  instead  of  recording  the  name,  of  the  object 
she  had  just  seen.  I  tore  oli'  the  sheet,  and  she  began  the  new  one  with  the 
same  word,  but  finally  after  another  explanation  she  started  to  carry  out  the 
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task  I  had  set  her.  This  is  a  good  example  of  the  verbal  perseveration,  which 
is  so  liable  to  disturb  tlie  records  in  this  class  of  disorders  of  speech. 

On  the  same  day  I  tested  her  with  the  alphabet.  She  said  the  letters 
spontaneously  in  due  order  up  to  "  N,"  added  "V"  "P"  and  then  stopped. 
She  made  a  fresh  start  and  again  ran  cortectly  up  to  "  N  "  :  after  a  pause  she 
continued  "'  P  Q  K  S  T  U  V,"  and  with  the  exclamation  "  I  can't  say  it," 
gave  up  altogether.  But,  when  I  said  the  alphabet,  she  could  repeat  it 
accurately  letter  by  letter.  Asked  to  write  the  alphabet  spontaneously,  she 
produced  the  following  series :  ABCDETGHISBJLMMCPqBS 
t  u  V  w  X  Y  Y.  She  had  great  difficulty  in  copying  capitals  in  cursive  script ; 
in  fact  every  letter  up  to  "  I  "  \vas  copied  exactly,  and  she  then  continued : — 

(The  copy)    JKLMNOPQESTUVWXYZ. 

(She  wrote)    544mmopyTstUUWXY|. 

On  the  tenth  day  (June  30)  I  carried  out  a  complete  series  of  hand,  eye  and 
ear  tests  with  the  following  result :- — 


Table   II. 


Imitation 

Writing 

Imitation  of  move- 

of inove- 

down  move- 

ments made  by  the 

merts 

Oral  commands 

Printed  commands 

ments  made 

observer 

reflected 

by  the 

in  minor 

observer 

L.  hand  to  L.  eye  . . 

Correct 

Correct 

Correct;  slow 

Correct ;  slow 

right  eye 

R.  hand  to  R.  ear   . . 

Reversed 

Correct 

R.  hand  to  L.  ear 

right  eye 

R.  hand  to  L.  eye  . . 

jj 

J, 

R.  hand  to  L.  eai- 

right  eye 

L.  hand  to  R.  eye  . . 

,, 

R.  hand  to  R.  eye 

L.  hand  to  R.  ear 

left  eye 

L.  hand  to  L.  ear    , . 

,, 

Reversed 

Correct 

left  Eay 

R.  hand  to  R.  eye  . . 

L.  hand;   corrected 

Correct 

J, 

right  Eye 

L.  hand  to  R.  ear    . . 

Correct 

Reversed 

,j 

left  Esey 

R.  hand  to  L.  ear  . . 

9t 

Correct :  slow 

,, 

right  ear 

L.  hand  to  L.  eye  . . 

Reversed 

Correct 

L.  hand  to  R.  ear 

left  Eye 

R.  hand  to  R.  ear  . . 

,, 

R.  hand  to  L.  ear 

Correct 

left  Ear 

R.  hand  to  L.  eye  .. 

Correct 

Correct 

)i 

right  eye 

L.  hand  to  R.  eye   . . 

L.  hand  to  L.  eye  ; 
corrected 

R.  hand  to  R,  eye 

>» 

"  Can't" 

L.  hand  to  L.  ear   .. 

Reversfd 

L.  hand  to  L.  eye 

L.  hand  to  R.  ear 

Illegible 

R.  hand  to  R.  eye  .. 

R.  hand  to  L.  eye 

Correct 

Correct 

,, 

L.  hand  to  R.  ear   . . 

Correct 

,, 

,, 

,, 

R.  hand  to  L.  ear  .. 

" 

" 

Reversed 

" 

There  was  no  question  that  she  understood  what  she  was  asked  to  do, 
although  she  was  occasionally  slow  in  beginning  some  new  form  of  these  tests. 
Sitting  face  to  face,  she  succeeded  in  imitating  my  movements  correctly  in 
eight  out  of  sixteen  attempts  ;  in  seven  her  response  was  an  exact  reversal,  and 
she  made  one  complete  mistake  only.  But,  when  they  were  reflected  in  the 
glass,  she  did  not  hesitate  for  a  moment.  Both  oral  and  printed  commands 
were  badly  executed,  and  with  the  latter  she  substituted  ear  for  eye  on  three 
occasions.  Asked  to  write  down  my  movements,  sitting  face  to  face,  she 
simplified  the  task  by  naming  the  right  or  left  hand,  omitting  any  indication  of 


SPEECH    AND    CEREBRAL    LOCALIZATION  437 

which  eye  or  ear  I  had  touched.     This  was  evidently  a  severe  test,  and  towards 
the  end  her  writing  hecame  illegihle. 

She  had  great  difliculty  in  writing  her  name  and  address  hoth  spontaneously 
and  to  dictation.  Not  only  were  the  letters  badly  formed,  but  some  were 
omitted,  wliilst  others  were  duplicated,  and  the  whole  was  illegible  except  on 
careful  analysis. 

On  the  fourteenth  day  (July  4)  her  speech  had  greatly  improved.  She  gave 
her  name  and  full  address  correctly,  and  with  almost  perfect  enunciation.  She 
talked  very  slowly  and  with  evident  difficulty  in  finding  words  ;  but  the  nurses 
insisted  that  she  knew  exactly  what  she  wanted.  She  said  to  me:  "  I  .  . 
been  ,  .  .  inkin  .  .  .  improvement "  (I've  been  thinking  there  has 
been  improvement). 

I  asked  her  to  repeat  three  short  sentences  after  me  one  by  one  :  this  she 
did  correctly  as  follows  : — 

"  I  liave  been  getting  better  day  after  day  "  ;  "  And  I  have  no  sickness  or 
headache  "  ;  "I  was  allowed  to  sit  up  to  have  my  bed  made  yes-day  af-er- 
noon  "  (yesterday  afternoon).  Told  to  repeat  them  as  a  single  sequence,  she 
was  unable  to  do  so,  saying  "  I  was  allowed  to  have  my  bed  made  yes-day 
after-noon  .  .  .  No,  I  can't."  I  then  said  all  three  phrases  together,  but  she 
failed  to  repeat  them,  saying  "I  was  allowed  to  ...  to  have  my  head  .  .  . 
Why  I  ought  to    say  that  ...  I  was  allowed." 

She  wrote  her  name  and  address  spontaneously  as  follows : — 

Alicce  Lucy  Esther  B. 
16  West  Yier 
Bark  Pa 

Barnsleey. 
(Alice  Lucy  Esther  B. 
16  West  View, 
Park  Eoad, 

Barnsley) . 

I  printed  her  name  and  address  and  asked  her  to  copy  it ;  but  instead 
of  reproducing  it  letter  by  letter,  she  glanced  backwards  and  forwards  from 
the  print  to  the  paper  and  wrote  down  what  she  had  gathered.  The  result 
exhibited  exactly  the  same  kind  of  mistakes  as  her  spontaneous  writing  ;  words 
and  letters  were  so  badly  formed  as  to  be  in  places  almost  illegible.  Asked 
to  write  anything  she  wished  to  tell  me,  she  produced  with  difliculty  and  many 
erasures  and  corrections,  "  think  have  been  gettig  againg  allrthat  '  (I  think 
I  have  been  getting  allright)  and  "I  have  been  going  to  have."  Asked  to 
interpret  these  scrawls,  she  said  "  I  have  been  going  to  say  tliat  I  have  been 
...  I  told  a  sister   that  .   .   .  ." 

I  then  examined  her  witli  the  clock  tests  and  obtained  the  following 
results  : — 
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Clock  sot  to  prii 

ted  command.s 

Direct 
imitation 

,„  ,,        .,      . .                  Clock  set  to 
lell.np  the  time           „^^,  commands 

Ordinary 
nomenclature 

Railway  time 

5  minutes  to  2     . . 



Correct 

Correct 

Correct 

Correct 

Set  12.40 

Half  past  1 

,, 

99 

,, 

,, 

Correct 

5  miuutos  past  8.. 

91 

,, 

99 

19 

,, 

20  minutes  to  4   . . 

"  Quarter  to  4  ; 

5  and  20  to  ;  10 

minutes  to  4  " 

" 

Set  2.40 

10  minutes  past  7 

,, 

Correct 

,, 

Set  10.10 

Correct 

20  minutes  to  6  . . 

" 

'• 

" 

Correct 

Whispered 
"5.40." 
Set  4.50 

10  minutes  to  1    . . 

>» 

99 

Set  10  minutes 

past,    but    hour 

hand  before  1 

Set  10  to  10 

Correct 

A  quarter  to  9 

jj 

Correct ;  slow 

Correct 

,, 

20  minutes  past  11 

)» 

"5,  10,    15,    20 
past  11  " 

Correct 

99 

Set  10.40 

25  minutes  to  3    .. 

19 

Correct 

Set  20  minutes 

,, 

Correct 

to  .3 

She  was  remarkably  bright  and  cheerful,  but  was  puzzled  by  her  failure  to 
express  herself  and  was  liable  to  become  confused.  "When  she  was  right  she 
responded  quickly  ;  but,  if  she  made  a  mistake,  she  said  it  over  under  her 
breath  and  usually  got  wrong  again.  That  is  to  say  she  made  a  mistake, 
appreciated  that  it  was  incori-ect  and  then  repeated  the  order  in  a  whisper  or 
aloud,  saying  it  wrong  ;  on  this  she  acted  and  fell  a  second  time  into  error. 
All  her  actions  seemed  to  be  guided  by  whispered  audible  or  inaudible  words, 
except  when  she  placed  the  hands  of  a  clock  in  direct  imitation  of  one  set 
by  me ;  this  she  carried  out  rapidly  and  her  lips  did  not  move.  She  could  tell 
the  time  slowly,  but  on  the  whole  correctly,  helping  herself  by  counting  on 
her  fingers.  With  oral  commands  she  was  certainly  dependent  on  correct 
repetition  of  the  words  said  by  me,  as  far  as  I  could  interpret  her  whispers. 
Given  a  printed  order  in  the  usual  nomenclature,  her  lips  moved  and  she  then 
set  the  clock  without  looking  back  at  the  card  ;  the  verbal  formulation  had 
fixed  the  task  in  her  mind  and  she  usually  succeeded  in  placing  the  hands 
con-ectly.  But  she  had  great  difficulty,  when  the  command  was  printed  in 
railway  time ;  for  she  tended  to  set  the  short  hand  exactly  opposite  the  hour 
and  tlien  flung  the  other  one  into  a  position  corresponding  to  the  number 
of  minutes.  Evidently  the  words  "  past  "  or  "  to,"  directly  preceding  the  hour, 
helped  her  to  recognize  that  the  short  hand  should  not  be  placed  exactly 
opposite  the  number  mentioned  in  the  printed  order. 

On  the  sixteenth  day  (July  6th)  I  again  tested  her  with  the  alphabet, 
which  she  could  now  say  spontaneously  without  a  mistake.  Moreover  she  read 
it  aloud  perfectly  from  print.  But,  when  I  gave  her  the  twenty-six  block 
letters  and  asked  her  to  put  them  together  in  order,  she   said   after    much 
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hesitation  "  I  can't  find  the  right  letter."  She  picked  out  an  "  I  "  and  slowly 
selected  A  B  C  F,  from  this  she  formed  the  sequence  ABCDEFG  L  and 
then  gave  up,  complaining  "  I  can't  do  it."  Asked  to  write  the  alphabet  she 
produced  the  following  series: — 

A  B  C  D  K  T  G  H  I  J  B  1  m  m  o  p  q  r  s  t  u 
After  a  pause  began  again  spontaneously  : — 

A  B  C  D  E  T  G  H  IJ  B  L  m  m  o  p  q  r  s  t  u  V  w  X  y  f 
Each  letter  was  said  in  a  whisper  and  definitely  vei'l)alized.     To  dictation  she 
wrote  the  following  sequence  :■ — 

ABCDEEGHIKLmnoPQKSFwvwYzx, 
and  she  copied  the  alphabet  from  print  in  a  very  imperfect  manner. 

On  the  same  day  I  carried  out  a  series  of  the  man,  cat  and  dog  tests.  (See 
Table  IV.) 

She  read  these  simple  phrases  slowly  but  correctly  and  made  no  essential 
mistakes,  when  translating  pictures  into  words  ;  once  only  did  she  fail  to  com- 
plete the  couple  shown  to  her.  The  content  of  each  sentence,  written  to  dicta- 
tion, was  accurately  reproduced,  but  the  structure  of  the  words  was  defective 
and  the  letters  were  badly  formed.  These  faults  were  even  worse  when  she 
wrote  from  pictures.  She  found  much  less  difficulty  in  copying  from  print, 
although  her  ^vl•iting  was  poor  and  the  letters  imperfect,  every  word  was, 
however,  reproduced  in  cursive  sci'ipt. 

On  the  tventieth  day  (July  10)  speech  was  slow  and  broken  by  long 
pauses,  but  she  volunteered  many  more  remarks.  Thus  she  said,  "  My  head 
is  not  .  .  .  quite  right  .  .  .  it's  .  .  .  er,  numb  .  .  .  otherwise  .  .  .  other- 
wise ...  it  will  do.  '  Asked  to  explain  her  difficulty  in  speaking,  she  answered, 
"  My  difficulty  is  ...  I  know  what  I  want  to  say  ...  I  don't  know  how  to  say 
it  .  .  .  Sometimes  I  feel  .  .  .  sometimes  I  feel  ...  if  ...  if  I  ...  if  I  can't 
say  it  ...  I  can't  think  sometimes  ...  if  I  could  get  my  thoughts  right  .  .  . 
I  should  be  allright." 

By  this  time  her  speech  had  so  greatly  improved  that  the  colour  tests  were 
carried  out  correctly,  with  the  exception  that  she  tended  to  call  red  "pink" 
and  orange  "  red."  All  were  selected  without  fail  to  oral  and  printed  com- 
mands, and  she  wrote  down  their  names  accurately,  excepting  that  she  was 
puzzled  by  "  helitrope  "  (heliotrope),  her  designation  for  violet. 

On  the  twenty -nixth  day  (July  16)  she  wrote  her  first  spontaneous  letter ; 
it  was  coherent  and  reasonable,  but  many  of  the  words  were  badly  formed. 
For  instance,  she  wrote,  "  I  am  glod  Arthrur  won  the  prize  for  the  windom 
competion  "  (I  am  glad  Arthur  won  the  prize  for  the  window  competition). 

I  put  her  thi'ough  another  series  of  hand,  eye  and  ear  tests,  and  it  is  inter- 
esting to  notice  the  nature  of  the  improvement  in  these  records.     (See  Table  V.) 

When  imitating  my  movements  sitting  face  to  face,  she  made  fourteen 
mistakes,  but  twelve  of  these  were  complete  reversals  in  which  she  selected 
right  for  left  and  vice  versa.  When  she  attempted  to  write  them  down  all 
sixteen  were  erroneously  recorded ;  of  tliese  two  were  reversed,  whilst  in 
three  she  mistook  eye  and  ear.     But  oral  commands  were  perfectly  executed 
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and,  when  given  in  print,  she  made  four  mistakes  only.  I  then  asked  her  to 
read  them  aloud,  which  she  did  perfectly,  and  the  errors  in  their  performance 
were  reduced  to  two.  At  first  she  had  difficulty  in  grasping  that  the  printed 
order  read  aloud  implied  an  action  and  was  satisfied  when  the  words  were 
uttered ;  but,  if  they  were  read  silently,  slie  at  once  began  to  carry  out  some 
movement  of  one  or  other  hand. 

Table  V. 


Imitation 

Imitation  of 

movements  made  by 

the  observer 

of  move- 
ments 

reflected 

in  a 
mirror 

Oral 
com- 
mands 

1      Printed  commands 

Writing  down  movements 
made  by  the  observer 

L.  hand  to  L.  eye   . . 

Reversed 

Correct 

Correct 

Correct 

right  to  yoo  right  ear 

R.  hand  to  R.  ear  .. 

^^ 

„ 

J, 

left  to  left  ear 

R.  hand  to  L.  eye  . . 

Correct 

,, 

left  to  right  eye 

L.  hand  to  R.  eye  . . 

Reversed 

99 

right  to  left  eai- 

L.  hand  to  L.  ear  . . 

L.  hand  to  R.  ear 

right  to  right  ear 

R.  hand  to  R. eye  .. 

R.  hand  to  L.  eye 

,, 

left  to  right  Cay 

L.  hand  to  R.  ear  . . 

Reversed 

L.  hand  to  R.  eye 

right  to  right  ear 

R.  hand  to  L.  ear  . . 

Correct 

Correct 

left  to  left  ear 

L.  hand  to  L.  eye   . . 

Reversed 

f  9 

right  to  right  ear 

R.  hand  to  R.  ear  . . 

>» 

L.  hand  to  R.  ear 

left  to  left  ear 

R.  hand  to  L.  eye  . , 

»i 

Correct 

left  to  right  eye 

L.  hand  to  R.  eye  . . 

>< 

right  to  left  eye 

L.  hand  to  L.  ear  . . 

L.  hand  to  R.  ear 

right  to  right  eye 

R.  hand  to  R.  eye  . . 

L.  hand  to  R.  eye 

»> 

Correct 

left  to  left  eye 

L.  hand  to  R.  ear   ,. 

Reversed 

.. 

L.  hand  to  R.  eye 

right  to  left  ear 

R.  hand  to  L.  ear  . . 

" 

Correct 

left  to  right  ear 

On  the  tirenty-seventh  day  (July  17)  she  carried  out  without  fail  a  series 
of  tests  with  familiar  objects,  naming  them  accurately,  choosing  them  to  oral 
or  to  printed  commands  and  even  writing  the  words  correctly.  She  had  now 
begun  to  note  on  paper  memoranda  of  her  wants,  such  as  "  more  diet," 
"might  I  have  more,''  "  preasure  "  (pressure)  and  "  tingle,"  both  of  which 
referred  to  sensations  in  the  head. 

On  the  thirtieth  day  (July  20)  I  asked  her  to  write  her  name  and  address. 
She  did  so  correctly,  no  longer  in  the  form  of  a  signature,  but  as  if  it  stood  on 
the  envelope  of  a  letter  sent  to  her  home  : — 

Mrs.  J.  B. 

16  West  View 
Park  Ed. 

Barnsley. 

I  then  covered  this  up  and  requested  jher  to  write  her  name  and  add  the 
address  of  the  nursing  home ;  but  she  repeated  her  previous  performance 
exactly.  When  I  explained  to  her  that  I  wanted  her  address  in  London,  where 
she  had  daily  received  letters  from  her  relatives,  she  replied,  "  I  can't,"  and 
made  no  attempt  to  write  it.  I  then  dictated  it  to  her  word  by  word  and  she 
wrote  : — 
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Mrs.  J.  B. 

The  empire  nursing  hone 
Vinsent  sq. 

Westminster 

London         S.W. 

(i.e.,  The  Empire  Nursing  Home,  Vincent  Square,  Westminster,  London,  S.W.) 
From  the  print  she  copied  it  as  follows : — 
Mrs.  B. 

Ehe  empire  Nursing  Home 
Vincent  square 

Westminsteer         E.llll 

She  was  then  put  through  a  series  of  tests  with  the  alphabet.  She  could 
now  say  the  letters  with  ease,  both  spontaneously  and  to  repetition,  and  read 
them  perfectly  aloud.  She  wrote  them  in  cursive  capitals  and  her  only  errors 
were  "  T  "'  for  F,  "  B  "  for  E,  "  J  "  for  T,  and  the  "  Z  "  was  given  several 
extra  turns.  They  were  written  more  easily  to  dictation  and  she  copied  them 
perfectly,  in  lioth  cases  employing  small  cursive  script.  I  then  gave  her  the 
twenty-six  block  letters  which,  after  some  hesitation,  she  finally  succeeded  in 
placing  in  their  right  order  to  form  a  perfect  alphabet. 

On  the  thirty -second  and  thirty -third  days  (July  22-23)  she  was  so  bright 
and  active  that  I  was  able  to  subject  her  to  a  more  extensive  series  of  tests. 

Her  spontaneous  speech  had  still  further  improved  and  she  attempted 
sentences  of  much  greater  length.  For  instance  :  "  I  went  for  a  drive  this 
morning  ...  I  enjoyed  it  more  than  in  fine  weather  ...  It  was 
a  bit  dull     .     .     .     suited  me  better  .     .     For  an  hour  and  a  half."     She 

was  much  troubled  that  her  head  had  been  shaved  and  had  ordered  a  wig ; 
she  inquired,  therefore,  "  Might  I  ...  I  shall  think  of  it  soon  .  .  . 
might  I  .  .  .  wear  hair  now  ?  "  Intonation  was  still  defective,  the 
pauses  were  multiplied  and  tended  to  fall  in  the  middle  of  a  phrase  or  at  the 
end  of  a  single  word.     Speech  became  syncopated  with  a  repetition  of  rising 

and  falling  accents  :  e.g.,  "  I  seem  ...  to  have  ...  a  weight  .  .  . 
on  here"  pointing  to  her  head. 

She  could  now  name  the  geometrical  shapes  placed  in  her  left  hand  out  of 
sight,  calling  them  respectively  "  square  "  (cube),  "  cork  "  (cyhnder),  "  marble  " 
(sphere),  "nutmeg"  (ovoid),  "spindle"  (cone).  With  a  pyramid  she  said 
"  oblong     .    .    .     can't  describe  it  "  ;  then  suddenly  she  exclaimed  "  pyramid." 

She  carried  out  a  complete  series  of  clock  tests  without  a  mistake,  telling 
the  time  correctly  and  setting  the  hands  to  oral  or  to  printed  commands, 
whether  they  were  given  in  ordinary  nomenclature  or  in  railway  time.  She 
could  even  write  down  the  time  accurately  if  she  was  allowed  to  intermingle  at 
will  figures  and  words. 

The  hand,  eye  and  ear  tests  yielded  a  much  improved  set  of  records.  It  is 
true  that,  wlien  she  attempted  to  copy  my  movements  sitting  face  to  face,  she 
was  wrong  sixteen  times  in  succession ;    but  of   these  thirteen  were  direct 
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reversals  and  in  three  attempts  only  did  she  mistake  the  nature  of  the  move- 
ment. Oral  and  printed  commands  were  perfectly  executed  and  she  could 
even  write  down  my  actions  with  four  errors  only. 


Tablk  VI. 


Imitation 

Imitation  of 

of  move- 

Oral 

Printed 

Writing  down 

movements  made  by 

ments 

com- 

com- 

movetiients made  by 

the  observer 

reflected 

in  a 
mirror 

mands 

mands 

the  observer 

L.  haud  to  L.  eye   . . 

Reversed 

Correct 

Correct 

Correct 

Correct 

R.  hand  to  R.  ear  . . 

jy 

Left  hand  to  left  eye 

R.  hand  to  L.  eye  . . 

Correct 

L.  hand  to  R.  eye   . . 

J, 

L.  hand  to  L.  ear   . . 

R.  hand  to  L.  ear 

R.  hand  to  R.  eye  . . 

Reversed 

L.  hand  to  R.  ear    . . 

M 

,, 

Reversed 

R.  band  to  L.  ear  . . 

Correct 

L.  hand  to  L.  eye   . . 

R.  hand  to  L.  eye 

\] 

Left  hand  to  left  ear 

R.  hand  to  R.  ear  . . 

Reversed 

Correct 

R.  hand  to  L.  eye   . . 

M 

J  J 

L.  hand  to  R.  eye  .. 

,, 

Reversed 

L.  hand  to  L.  ear   . . 

1, 

,, 

Right  hand  to  left  ear 

R.  hand  to  R. eye   . . 

jj 

,, 

Correct 

L.  hand  to  R.  ear   . . 

,  , 

,, 

,,. 

R.  hand  to  L.  ear   . . 

R.  hand  to  R.  eye 

>> 

•     ,. 

Observations  made  from  October  20  to  23,  1922,  four  months  after  the 

Ojieration. 

She  was  in  excellent  physical  condition  and  her  urine  contained  no  sugar  or 
other  ahnormal  constituent.  Tlie  trephine  opening  was  somewhat  depressed 
and  pulsated  slightly  in  tlie  sitting  posture  ;  this  was  considerably  increased, 
when  her  head  was  lowered,  but  was  scarcely  perceptible  after  lying  horizon- 
tally for  a  considerable  period.  She  complained  of  no  headache  or  tenderness, 
superficial  or  deep,  and  had  suffered  from  no  fits  or  seizures  of  any  kind. 

Except  for  her  disturbance  of  speech,  I  could  discover  no  abnormal  signs 
pointing  to  any  affection  of  the  central  nervous  system.  Movements  of  the 
face  were  carried  out  equally  well  on  the  two  sides  and  the  tongue  was 
protruded  in  the  middle  line.  All  the  reflexes  were  normal,  including  the 
plantars  ;  I  could  even  obtain  a  response  from  the  right  half  of  the  abdomen  and 
there  was  no  longer  that  difference  on  the  two  sides,  which  constituted  the 
earliest  and  most  lasting  sign  of  disease.  The  grasp  of  the  right  hand  was 
stronger  tiian  that  of  the  left  and  individual  movements  of  the  fingers  were 
perfectly  performed,  both  the  eyes  open  and  shut.  The  right  lower  extremity 
had  recovered  completely  and  she  could  walk  three  miles  without  undue 
fatigue.  The  most  careful  sensory  examination  failed  to  reveal  any  abnor- 
mality;  size,  shape,  and  weight  were  ap])reciated  equally  well  with  either 
hand. 
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Si/mboiic  Formulation  and  Exprcsaion. 

Slie  was  bright,  gay,  pleased  to  come  to  London  and  anxious  to  enjoy  its 
sights.  So  great  was  her  energy,  tliat  it  was  difficult  to  prevent  her  from 
tiring  herself  unduly  and  all  my  observations  were  made  in  tlie  morning  in  the 
quiet  surroundings  of  my  consulting  room. 

Articulated  speech. — In  spite  of  profound  recovery  her  speech  showed  the 
same  defects  as  before,  though  to  a  much  slighter  degree.  She  now  talked 
easily,  her  enunciation  was  greatly  improved  and  the  pauses  occurred  at 
longer  intervals ;  yet,  in  principle,  the  defects  v^ere  of  the  same  kind  as  before. 
She  was  conscious  that  her  speech  lacked  freedom  ;  she  had  no  diflBculty  in 
finding  names,  but  the  words  were  pronounced  slowly  and  the  form  of  the 
phrase,  though  it  remained  essentially  grammatical,  was  frequently  altered  to 
obviate  verbal  difficulties.  Thus  she  said  "  Doctor  Head  .  .  .  should  my 
head  have  a  big  dint  in  it  ...  if  I  lie  down  .  .  .  for  an  hour  or  two  .  .  .  the 
dint  is  not  there  .  .  .  but  if  I  sit  up  .  .  .  any  time  ...  a  big  dint  is  there 
...  I  asked  my  doctor  ...  he  said  ...  it  didn't  matter  ...  I  didn't  know 
.  .  .  you  .  .  .  had  .  .  .  cut  so  much  out  .  .  .  until  I  got  home."  All  her 
faults  depended  on  inability  to  discover  the  exact  verbal  form  she  required. 
If,  however,  she  stumbled  over  a  word,  she  was  loath  to  leave  it  vmcorrected 
and  had  a  strong  sense  of  her  errors  in  articulation. 

She  showed  exactly  the  same  defects  of  speech,  when  she  attempted  to 
repeat  a  series  of  phrases  said  by  me,  hesitating  over  such  words  as 
"  elephants  "  and  "  zoological."  She  did  not  slavishly  follow  each  individual 
word,  but  evidently  formulated  the  meaning  to  herself  and  then  attempted  to 
express  it.  This  led  to  the  same  difficulties  as  when  she  talked  spontaneously, 
though  every  point  of  importance  was  correctly  seized  and  she  omitted  no 
essential  detail. 

Understanding  of  spoken  ivords. — She  understood  everything  that  was 
said  to  her  and  carried  out  oral  commands  perfectly.  She  could  follow  and 
take  her  part  in  general  conversation,  provided  she  was  not  hurried. 

Reading. — Printed  commands  were  correctly  executed  and  she  gave  a  good 
account  of  the  contents  of  a  paragraph  she  had  read  silently.  Moreover,  she 
could  interest  herself  in  a  book,  although  she  no  longer  read  aloud  as  had  been 
her  custom  before  the  opei'ation.  Asked  to  read  aloud  a  selected  passage,  she 
succeeded  in  pronouncing  all  the  words,  although  she  stumbled  over  many  of 
them  and  corrected  herself  in  exactly  the  same  way  as  with  spontaneous 
speech. 

]Vriting. — She  could  write  a  coherent  letter  and  express  herself  spon- 
taneously in  writing.  The  only  noticeable  defects  were  hesitation  and 
uncertainty  over  the  form  of  some  of  the  letters  or  component  parts  of  a  word  ; 
but  she  was  always  able,  on  reading  over  what  she  had  written,  to  detect 
these  errors  and  to  make  the  necessary  corrections.  Asked  to  write  down 
what  she  had  gathered  from  a  selected  passage,  the  contents  were  given 
correctly,    but  the   form  of    the    words  was  defective  and   the    spelling    was 
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extremely   bad.     Throughout,   her  lips  moved  silently  and  she  was  evidently 
saying  the  words  to  herself,  although  I  could  detect  no  sound. 

Exactly  the  same  faults  appeared,  when  she  wrote  to  dictation,  or  even 
when  she  copied  a  printed  paragraph.  She  was  extremely  slow  and  her  lips 
moved  soundlessly  as  she  enunciated  each  word  to  herself  before  writing  it 
down. 

All  these  tests  showed  that  verbal  formation  and  structure  were  disturl)ed  ; 
and  she  was  conscious  that,  in  spite  of  her  great  increase  in  power,  she  had 
not  regained  her  normal  freedom,  when  writing  spontaneously,  to  dictation  or 
to  copy. 

The  alphahct. — All  the  letters  were  said  spontaneously  in  perfect  sequence, 
divided  into  short  groups  separated  by  a  pause.  She  repeated  them  after 
me  and  read  them  aloud  without  difficulty.  She  could  write  them  spon- 
taneously or  to  dictation  with  fair  accuracy,  but  translated  capitals  into 
cursive  handwriting  less  easily  and  with  several  slight  corrections  in  the  shape 
of  the  letters.  Given  the  twentysix  blocks,  the  order  in  which  she  placed 
them  was  correct,  except  that  at  first  she  placed  Q  for  O  and  omitted  U.  This 
she  finally  discovered,  but  failed  to  find  its  proper  place  until  she  had  repeated 
the  whole  alphabet  aloud.  Throughout  it  was  evident  that  any  difficulty  she 
might  have  was  with  the  form  or  shape  of  the  letters. 

A  printed  paragraph. — As  a  result  of  what  she  told  me  of  her  visit  to  the 
Zoological  Gardens,  I  put  in  print  the  following  account  : — 

On  Sunday  afternoon  we  went  to  the  Zoological  Gardens.  We  were  there 
from  2  o'clock  to  5  and  had  a  cup  of  tea,  when  we  were  tired.  It  is  an 
immense  place  and  difficult  to  find,  but  we  took  a  taxi  each  way.  We  saw 
lions,  tigers,  elephants,  polar  bears,  a  number  of  large  reptiles  and  many  kinds 
of  birds.     It  was  a  beautiful  afternoon  and  we  enjoyed  ourselves  greatly. 

This  she  read  silently  and  re-told  the  story  in  the  following  words  :  "  We 
went  to  the  Zoological  Gardens  and  spent  an  enjoyable  time.  We  saw^  there 
elephants,  tigers  and  various  kinds  of  an-mals.  It's  a  large  place  and  diff-cult 
to  find.  We  spent  an  enjoyable  afternoon  and  got  home  about  5  o'clock  in  the 
afternoon." 

When  she  repeated  these  sentences  after  me  or  read  them  aloud,  all  her 
faults  were  those  of  enunciation  ;  she  stumbled  over  many  of  the  words,  such 
as  elephants  and  zoological,  but  finally  corrected  herself  in  most  instances. 

After  reading  the  printed  account  through  again  to  herself  she  wrote  :  "  We 
went  to  the  Zo  on  Sunday  afternoon  And  spent  an  enjoyable  treat  we  saw 
all  kind  of  animals.  We  had  a  cup  of  tea  Afterward  we  came  having  spent  an 
enjoyable  treat." 

To  dictation  she  wrote  "  On  Sunday  afternoon  we  went  to  the  Zo  gardens 
we  were  there  fron  two  untill  five  and  had  a  cup  of  tea  when  we  were  tired. 
It  is  an  immense  and  difficult  to  find  that  we  took  a  taxi  each  way.  We  saw 
lions  tigars  Elephants  and  polar  baars  and  a  number  of  large  reptiles,  and 
many  kinds  of  birds.  It  was  a  beauliful  afernoon  and  we  enjoyed  ourseilves 
greatly.  ' 
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She  copied  the  printed  account  very  slowly  ;  her  lips  moved  and,  although 
she  uttered  no  sound  of  any  kind,  it  was  obvious  that  slie  was  saying  tlie 
words  to  herself  before  she  put  them  down  on  paper.  She  wrote  "  On  Sunday 
ariernoon  we  went  to  tlie  Zoological  Gardens.  We  were  there  from  2-0  o'clock 
to  o-O  And  had  a  cup  of  tea  when  we  were  tired  It  is  an  imnense  place  and 
difficult  to  find.  But  we  took  a  taxi  eacli  way  we  saw  lions  tigers  elephants 
polar  bears  a  nunber  of  large  reptiles  and  many  kind  of  birds  It  was  a  beautiful 
aflenraoon  we  enjoyd  ourselves  greally." 

Numbers  and  aritlnnetic. — She  counted  correctly  up  to  a  hundred  with 
considerable  rapidity  and  certainty,  tliough  some  of  the  numerals  were  indis- 
tinct.    The  order  in  which  they  were  given  was  perfect  and  she  did  not  hesitate 

when  beginning  a  new  decade. 

Addition.  325  568  685 

432  323  737 

757  891  1422 

Subtraction.      864  582  821 

432  236  348 

432  346  473 

The  three  simple  addition  sums  were  carried  out  rapidly  and  without  move- 
ment of  the  lips.  With  the  second  and  third  subtraction  she  said  the  numbers 
under  her  breath  incorrectly  and,  recognizing  tliey  were  wrong,  became  con- 
fused.    Finally,  however,  she  succeeded  in  arriving  at  the  right  answer.' 

Coins  and  their  relative  value.—  All  the  coins  were  named  correctly  and  she 
was  remarkably  accurate  in  her  estimation  of  the  relative  value  of  any  two  of 
them  placed  on  the  table  before  her.  But  she  not  infrequently  found  it  diffi- 
cult to  arrive  at  the  answer  directly  without  counting  up  under  her  breath. 
Thus,  given  sixpence  and  half  a  crown,  she  whispered  "  one,  two,  three,  four, 
five"  and  then  said  aloud  "  five  "  the  correct  answer. 

She  denied  she  had  any  difficulty  witli  money  and  added  "  My  speech  is  the 
worst  .  .  .  you  know  ...  if  it  wasn't  for  that  ...  I  could  .  .  .  go  .  .  . 
sliopping." 

Orientation. — She  could  find  her  way  perfectly  and  went  about  alone  in  her 
native  town.  I  could  not  persuade  her  to  produce  a  ground  plan,  because  she 
asserted  she  had  never  been  able  to  draw ;  but  she  could  describe  accurately 
the  various  pieces  of  furniture  in  my  room  and  their  relation  to  one  another. 

Serial  Tests. 

(1)  Naming  and  recognition  of  common  objects. — All  these  tests  were  carried 
out  accurately  and  she  could  even  write  down  the  name  of  each  object  as  it 
was  shown  to  her  ;  but  her  handwriting  was  poor  and  some  of  the  letters  were 
malformed,  though  no  word  was  actually  misspelt. 

(2)  Naming  and  recognition  of  colours. — She  named  all  the  colours  without 
fail  both  by  word  of  mouth  and  in  writing,  and  chose  them  correctly  to  oral 
and  printed  commands. 

^  At  the  beginning  of  our  next  sitting,  when  she  was  fresh,  I  set  her  the  same  sums,  which 
she  solved  correctly  at  the  first  attempt. 


SPEECH    AND    CEREBRAL    LOCALIZATION  447 

(3)  The  man,  cat  and  doq  tesff;  were  executed  perfectly  in  every  respect. 

(4)  The  clock  tests. — She  carried  out  oral  and  printed  commands  with  con- 
siderahle  rapidity.  The  time  shown  on  the  clock  was  stated  correctly  ;  hut, 
with  the  higher  number  of  minutes,  she  tended  to  count  up  instead  of  giving 
the  answer  directly.  Thus,  shown  20  minutes  to  4,  she  said  "  five,  ten,  fifteen, 
twenty  to  four."  She  had  considerable  difficulty  in  writing  down  the  time  and 
in  every  instance  first  enunciated  in  a  whisper  the  woi-ds  she  ultimately  wrote. 
This  preliminary  verbalization,  whether  right  or  wrong,  determined  what  she 
put  on  to  paper  and  she  did  rot  look  back  repeatedly  at  the  clock  face  for 
guidance  during  the  act.- 

The  results  of  this  test  were  as  follows  : 

Time  .sliown  on  the  clock  She  wrote 


5  minutes  to  2 
Half  past  1 
5  minutes  past  8 
20  minutes  to  4 
10  minutes  past  7 
20  minutes  to  6 
10  minutes  to  1 
A  quarter  to  9 
20  minutes  past  11 
25  minutes  to  3 


5  minites  to  2 

^  past  to  1 

5  past  eigt 

5  (erasure)  to  4 

10  past  7 

5.20  to  6 

ten  minites  to  one 

quarter  to  nine 

twenty  past  eleven 

five  &  twenty  past  two 


Many  of  the  words  were  so  badly  written,  that  it  was  difficult  to  be  certain 
of  the  actual  letters  employed  ;  thus  minutes  was  written  "  mimtes  "  with  no 
distinction  between  the  up  and  down  strokes  belonging  to  each  letter.  Verbal 
structure  was  inherently  faulty  and  calligraphy  suffered. 

(5)  The  hand,  eye  and  ear  tests.  She  had  completely  recovered  her  power  of 
imitating  movements  made  by  me,  when  we  sat  face  to  face,  and  oral  and  printed 
commands  were  executed  with  remarkable  quickness  and  certainty.  The  only 
errors  occurred  when  she  was  asked  to  w-rite  down  silently  the  movements 
made  by  me.  Out  of  sixteen  attempts  she  made  three  slight  mistakes,  substi- 
tuting the  left  for  the  right  ear  ;  in  every  other  case  her  written  statement  of 
the  action  I  had  performed  was  accurate. 

Asked  if  she  found  these  tests  difficult,  she  replied  "  No  ...  I  seemed  to 
think  ...  or  fancy  .  .  .  your  right  hand  was  opposite  to  me  ...  so  I  i3ut 
it  so.' 

§  2. — A  Case  of  Verbal  Aphasia  due  to  Gunshot  Injury  over  the  anterior  portion 
of  the  Precentral  Gyms.  Seven  years  and  eight  months  later  speech  had 
recovered  to  a  great  extent,  although  it  still  shoiced  characteristic  signs  of 
Defective  Verbal  Formulation. 

No.  6- — Private  Thomas  McB.,  aged  19,  was  wounded  on  March  12,  1915. 
A  piece  of  shrapnel  struck  liim  in  the  left  temporal  region,  producing  a  long 
incised  wound  which  penetrated  the  skull. 

He  did  not  become  unconscious  and  remembers  everything  that  liappened. 
He  was  carried  at  once  to  a  field  ambulance,  where  no  operation  was  performed. 
"  At  first,"  he  said,  "  I  couldn't  speak  at  all  .  .  .  say  oh  !  .  .  .  only  oh  I  " 
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He  was  admitted  to  the  London  Hospital  on  March  IG,  1915,  and  although 
he  was  not  then  under  iny  care  I  was  ahle  to  make  a  complete  examination 
before  his  disclaarge  on  April  12. 

The  wound,  a  suppurating  cut  like  that  of  a  knife,  extended  for  5  cm. 
almost  vertically  on  the  left  side  of  the  scalp.  It  penetrated  all  the  tissues 
including  the  bone,  and  the  dura  mater  'could  be  seen  laid  bare  in  its  deepest 
part.  The  upper  end  was  about  5"5  cm.  from  the  middle  of  tlie  scalp,  and 
14  cm.  back  from  the  root  of  the  nose.  It  lay  0'5  in  front  of  the  interaural 
line,  whilst  its  extreme  lowest  point  extended  somewhat  farther  forwards 
(3  cm.  in  front).  The  whole  nasion-inion  measurement  was  34'5.,  and  this  was 
intersected  at  14'5  cm.  by  the  interaural  line.  Tliis  wound  closed  rapidly  and 
finally  healed  on  April  12  (cf.  fig.   1,  p.  395). 

He  was  extremely  bright  and  intelligent,  amused  at  what  went  on  around 
him  and  in  no  way  emotional.     He  responded  rapidly  and  well  to  commands. 

He  used  his  right  hand  in  the  normal  manner  and,  on  recovering  liis 
speech,  asserted  that  he  had  always  been  strongly  right-handed. 

There  were  no  convulsions  or  seizures  and,  although  he  suffered  from  a 
good  deal  of  headaclie  when  first  admitted,  this  passed   away  rapidly. 

Vision  was  5/15  in  both  the  right  and  left  eyes  ;  but  owing  to  his  loss  of 
speech  this  was  difficult  to  test.  The  visual  fields  were  in  every  way  normal 
on  perimetric  examination.     Hearing,  smell  and  taste  were  intact. 

The  pupils  reacted  well  and  the  eyes  moved  perfectly  in  all  directions. 
The  only  abnormal  signs  were  slightly  defective  movement  of  the  lower  half  of 
the  face  on  the  right  side  and  some  deviation  of  the  tongue  to  the  right. 

All  the  reflexes,  including  the  abdominals  and  plantars,  gave  a  normal 
response. 

There  was  no  paralysis,  paresis,  inco-ordination  or  difference  in  tone  of  the 
limbs  on  the  two  sides  of  the  body. 

Sensation  was  completely  unaffected  when  tested  within  three  weeks  of  the 
injury-  (April  7).  During  these  tests  he  showed  his  remarkable  intelligence. 
When  weights  of  100  and  80  grm.  were  placed  in  succession  on  his  right  palm 
or  fingers,  he  indicated  coi'rectly  and  without  hesitation  which  was  the 
heavier.  Sometimes  he  said  "  erst ''  (first)  or  "  bend  "  (second).  If  the  heavier 
weight  followed  the  lighter,  he  usually  nodded  his  head  and  said  "  is"  (this). 
Tested  with  the  compass-points  he  said  "  won  "  (one)  and  a  guttural  explosive 
sound,  which  I  came  to  recognize  as  signifying  two.  Throughout  the  whole 
series  he  did  not  make  a  single  mistake  with  the  points  at  a  distance  of  1  cm. 
from  one  another.  He  was  equally  accurate  with  vibration,  showing  that  no 
form  of  discriminative  sensibility  was  affected. 

Condition  of  Symbolic  Formulation   and   Expression    hetiveen  March  16  and 

April  12,  1915. 
At  first  lie  was  speechless  and  silent,  but  shortly  after  his  admission  to 
the  hospital  he  Vjegan  to  make  articulate  noises,  which  seemed  to  bear  no 
obvious  relation  to  the  words  he  was  sti'iving  to  pronounce.  Asked  his  name 
be  said  "  H6-nus,"  and  told  to  repeat  it  after  me,  he  again  produced  the  same 
sound. 
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When  a  question  put  to  him  required  an  affirmative  reply,  he  nodded, 
saying,  "ep  "  or  "ons";  on  the  other  hand,  to  signify  a  negative  he  shook 
his  head  and  uttered  a  nasal  sound  "  ong,"  which  closely  approached  a  gutteral 
rendering  of  "  no." 

His  power  of  finding  words  rapidly  improved,  and  less  than  a  month  after 
the  date  of  the  wound  he  could  say  the  alphabet  and  days  of  the  week, 
although  both  letters  and  words  were  extremely  badly  pronounced.  An 
attempt  to  say  the  months  of  the  year  led  to  a  series  of  incomprehensible 
sounds.  When  he  repeated  the  alphabet,  the  days  of  the  week,  or  the  months, 
his  pronunciation  was  equally  defective. 

He  undoubtedly  understood  wliat  was  said  to  him,  and  commands 
demanding  a  single  choice  were  carried  out  accurately.  Thus,  he  had  no 
difficulty  in  putting  out  his  tongue,  shutting  his  eyes,  or  giving  his  hand,  when 
asked  to  do  so.  But,  as  soon  as  two  of  these  orders  were  combined,  his 
response  became  slow  and  hesitating,  and  he  was  liable  to  fall  into  error. 

Command 

(1)  Give  nie  your  hand  and  put  out  your  tongue 

(2)  Shut  your  eyes  and  put  out  your  tongue 

(3)  Put  out  your  tongue  and  give  me  your  hand 

(4)  Give  me  your  hand  and  shut  your  eyes 


(5)  Shut  your  eyes  and  put  out  your  tongue  . . 

(6)  Give  me  your  hand  and  shut  your  eyes. . 

(7)  Put  out  your  tongue  and  give  me  your  hand 

(8)  Give  me  your  hand  and  put  out  your  tongue 

(9)  Give  me  your  hand  and  shut  your  eyes. . 

(10)  Shut  your  eyes  and  put  out  your  tongue 

(11)  Give  nae  your  hand  and  put  out  your  tongue 

(12)  Put  out  your  tongue  and  give  me  your  hand 

(13)  Give  me  your  hand  and  put  out  your  tongue 

(14)  Give  me  your  hand  and  shut  your  eyes 

(15)  Put  out  your  tongue  and  give  me  your  hand 

(16)  Shut  your  eyes  and  put  out  j'our  tongue 


Movement  executed 
Correct 
Correct,  but  also  gave  the 

hand 
Correct 
Correct,  but  he  opened  his 

mouth    though    he    did 

not  protrude  his  tongue 
Correct 
Correct 
Correct 
Correct 
Correct  ;     but    lips    were 

also  parted 
Correct 
Correct 
Correct 
Correct 
Correct ;     but     lips     were 

also  parted 
Correct 
Correct 


He  could  whistle  perfectly  any  melody  he  happened  to  know,  and  sang 
"  Tipperary "  without  the  words  in  excellent  time  and  tune.  The  musical 
phrases  were  superposed  on  many  different  articulated  sounds,  none  of  which 
w^ere  words  ;  they  consisted  of  various  combinations  of  vowels  and  consonants, 
which  might  have  been  taken  for  words  imperfectly  heard.      , 

Given  a  newspaper,  he  seemed  as  if  he  could  read  it,  but  his  comprehension 
of  printed  phrases  was  obviously  defective.  He  could  reproduce  accurately  in 
writing  the  simple  words  of  the  man,  cat  and  dog  tests,  after  reading  them 
silently,  although  the  card  was  removed  from  his  sight. 

He  could  write  his  name  and  address  correctly  as  "  Thomas  McBain, 
44,  Constable    Street,    Dundee";    but   he   directed   a    letter   to    his   mother: 
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"  ^Irs.  McBain,  44,  Conbbse  Street,  Duddee."  He  failed  to  write  the  same 
words  correctly,  if  they  were  started  in  a  less  automatic  manner. 

I  seated  him  at  the  window  and  asked  him  to  write  down  what  he  saw,  and 
he  produced  the  following  list :  Barrows,  cars,  shops,  folowers  (flowers),  loan- 
office,  artillery,  four."  The  "  loan-oltice "  was  a  pawnbroker's  shop,  over 
which  was  the  inscription  "  goldsmith  and  silversmith  "  and  the  usual  three 
golden  balls.  Then  some  soldiers  went  by  carrying  their  equipment ;  I  asked 
how  he  knew  they  were  artillery,  and  he  pointed  to  his  head  in  the  position  of 
the  badge  upon  a  militjiry  cap.  "  Four  "  was  written  as  a  funeral  went  by ; 
but  lie  could  not  explain  himself  further  in  writing,  shook  his  head  and  gave 
up  entirely. 

Simple  phrases  were  written  badly  to  dictation,  and  he  frequently  failed  to 
tinish  the  sentence.  He  did  not  write  wrong  words ;  it  was  their  formation 
that  was  faulty.     He  could,  however,  transcribe  print  into  cui'sive  liandwriting- 

Asked  to  count  aloud,  he  began  :  "  Ong,  nud,  ed,  hon,"  and  then  stopped  ; 
but  taking  a  pencil  with  his  hand  he  rapidly  wrote  all  the  numbers  up  to  21 
correctly. 

He  was  particularly  good  at  drawing,  both  spontaneously  and  to  command. 
Asked  to  name  tlie  geometrical  figures,  he  drew  them  rapidly,  and  occasionally 
appended  some  word  such  as  "  square,"  "  ovel,"  or  "  marble,"  to  represent  the 
cube,  ovoid  and  spliere. 

He  had  no  difficulty  in  finding  his  way,  and  there  was  no  reason  to  suspect 
any  defect  of  orientation. 

Condition  in  October,  1915,  Five  Months  after  the  Injury. 

He  was  in  excellent  general  healtli.  The  wound  was  a  longitudinal  painless 
scar  with  a  deep  fissure  in  the  centre  extendin'^  through  tlie  skull.  No  pulsa- 
tion could  be  felt,  and  he  did  not  suffer  from  headache  or  other  local  symptoms. 
There  were  no  abnormal  physical  signs ;  even  the  lagging  of  the  lower  half  of 
face  on  tlie  right  side  and  the  slight  deviation  of  the  tongue  had  passed  away. 

He  was  extremely  bright  and  intelligent.  He  could  give  a  good  account  of 
what  he  wanted  to  express,  in  spite  of  liis  defective  speech,  and  I  was  able  to 
carry  out  a  more  exacting  series  of  tests  than  was  possible  during  the  acute 
and  severe  stage  of  his  disorder. 

Articulated  speech. — He  talked  slowly,  and  had  evident  difficulty  in  forming 
his  words.     The  phrases,  and  even  the  longer  words,  were  split  up  into  groups 
of  syllables  separated  by  pauses.     He  explained  to  me  as  follows  the  meaning 
of  a  picture   selected   from  one  of  the  illustrated  papers:   "It's  the     . 
North     .     .  um-land     .     .     .     Fus-leers     .     .     .     fighting  fifth     .     .     . 

met  attack  ...  on  their  first  line  of  trenches  "  (How  the  Northumber- 
land Fusiliers,  the  Fighting  Fifth,  met  an  attack  on  their  first  line  trenches). 
In  attempting  to  describe  his  condition  on  first  entering  the  hospital  he  said  : 
"  When  I  come  ...  I  knew  what  you  said  .  .  .  wanted  answer 
back     .     .     .     knew  what     .     .      .     couldn't  get  speshe  right." 

He  did  not  employ  wrong  words,  and  his  power  of  naming  was  perfectly 
preserved,  although  verbal  structure  was  defective. 
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He  did  not  change  the  content  or  significance  of  words  or  phrases  he  was 
asked  to  repeat ;  the  words,  however,  were  hadly  pronounced. 

Understand ing  of  spoken  tuords. — He  could  understand  all  that  was  said 
to  him,  selecting  common  objects  and  setting  the  clock  correctly  to  oral 
commands.  He  was  also  able  to  carry  out  the  hand,  eye,  and  ear  tests  slowly, 
but  without  mistakes,  when  the  order  was  given  in  spoken  words. 

Beading. — He  undoubtedly  understood  what  he  read  silently  and  gave  an 
excellent  account  of  the  information  conveyed  in  a  pai'agraph  chosen  from  the 
newspaper.  He  selected  the  following  :  "  The  period  of  grace  given  to  Bulgaria 
by  Eussia  in  her  ultimatum  reauiring  Bulgaria  to  break  with  Germany  and 
dismiss  her  German  officers  appears  to  have  expired,  but  no  reply  had 
become  known  late  last  evening.  In  the  meantime  the  Allies'  pi'oposals  to 
hold  a  portion  of  Greek  and  Serbian  Macedonia  in  trust  for  Bulgaria  have 
lapsed  as  no  answer  has  been  returned  to  them."  After  reading  this  through 
to  himself  he  said  :  "  There  was  a  message  .  .  .  sent  from  Eussia  to 
Bulgaria  ...  to  clear  .  .  .  out  ...  all  the  German  officers 
.  art  their  country  .  .  .  They've  got  no  response  ...  to 
their  message  .  .  .  so  it  means  .  .  .  the  claration  of  war  by  the 
ollies." 

Writing. — He  now  wrote  well  but  tlie  form  of  the  words  tended  to  show 
the  same  faults  as  those  of  external  speech.  Thus,  the  months  written  spon- 
taneously became  "  Junuray,  Febiury,  March,  april,  June,  July,  august, 
September,  Otuober,  november,  december. 

He  could  write  down  the  movements  I  made  when  sitting  opposite  to  him, 
although  he  complained  that  "  It  takes  a  lot  of  thinking.'' 

Asked  to  write  down  the  meaning  of  the  passage  he  had  read  to  himself 
{vide  siq^ra)  on  the  ultimatum  to  Bulgaria,  he  produced  the  following  account  : 
"  Eussia  sent  a  message  to  Bulgaria  telling  them  to  clear  out  all  the  german 
Officers  out  their  country,  but  they  got  no  response  to  tlieir  message,  so  that 
means  the  declaration  of  war  by  the  Allies." 

The  same  paragraph  was  then  dictated  and  he  wrote  as  follows,  very 
slowly  and  with  great  effort :  "  the  period  of  grace  given  to  Bulgari  by  Eussia 
in  her  altimatum  requiring  Bulgaria  to  break  with  Germany,  and  dismiss  her 
German  Officers  apperes  to  have  expired  but  no  reply  had  become  known 
leate  last  evening."  He  made  several  corrections  which  were  all  in  the 
right  direction. 

The  alphabet. — Asked  to  say  the  alphabet,  many  of  the  letters,  though 
recognizable,  were  grossly  mispronounced.  The  first  half  was  given  in  the 
correct  order  but  he  ended  :  "  p  q  e  u  s  t  v  double  v  x  y  and  z."  He  said,  "  I 
don't  know  whether  n  comes  before  them  "  (the  m),  although  he  had  placed  it 
correctly. 

He  wrote  the  alphabet  spontaneously  in  the  following  sequence,  sometimes 
in  capitals  and  sometimes  in  small  cursive  letters.  "AbCdEFGHIJk 
1  n  m  o  p  Q  u  r  s  t  v  w  X  y  z." 

He   was  then  given  block   letters   and  told  to  construct  an  alphabet  from 
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them.  He  quickly  put  together  the  first  eleven  in  sequence  and  continued 
"  L  N  M  O  P  Q  W  V  W " ;  he  then  removed  V  W,  replacing  them  by 
"  K  S  T,"  so  that  the  sequence  ran  "  P  Q  U  R  S  T  V  W  Z  Y."  After 
pondering  over  this  for  a  time  and  sliifting  the  last  four  letters,  he 
produced  "ABCDEFGHIJKLNMOPQURSTVWXY  Z." 

Thus  obviously  more  than  articulation  was  at  fault  in  this  case.  Internal 
verbahzation,  necessary  for  the  production  of  a  perfect  alphabetical  series,  had 
also  suffered  ;  and  indeed,  when  asked  to  think  of  the  alpliabet,  most  persons 
say  the  letters  to  themselves  silently. 

Arithmetic. — He  was  an  intelligent  young  Scotchman,  who  told  me  he  had 
reached  the  fifth  standard  at  13  years  of  age,  and  said  "  I  was  .  .  .  pretty 
good  .  .  .  sums."  But  he  failed  to  solve  correctly  the  tliird  addition  and 
all  the  subtraction  sums. 

Addition. 
123  ..  356  ..  287 

243  ..  235  ..  376 

366  ..  591  ..  653 


Subtraction. 

668 

862 

621 

234 

546 

258 

302  ..  311  ..  313 

Games. — He  played  an  excellent  game  of  dominoes  and  corrected  me  when 
I  was  wrong ;  he  never  hesitated  or  made  a  mistake. 

Serial  Tests. 

(1)  Namimj  and  recognition  of  common  objects. — He  had  no  difficulty  in 
pointing  to  the  object  shown  to  him,  named  orally  and  in  print,  or  placed  in  his 
hand  out  of  sight.  Asked  to  give  their  names  he  answered  slowly  but  correctly 
although  the  words  were  poorly  pronounced  ;  he  complained :  "  That's  very 
slow,  though  I  can  make  people  understand  what  I  mean.''  Each  word  could 
be  repeated,  but  here  his  articulation  showed  the  same  kind  of  faults  as 
voluntary  speech.  Told  to  write  the  names,  as  each  object  was  sliown  to 
him,  he  wrote  as  follows:  "knife,  key,  pincile,  sissiors,  matches,  penny, 
sissiors,  key,  knife,  penny,  matches,  pincile,  sissiors,  matches,  key,  pincile, 
knife,  penny."  He  added:  "How  is  it  about  scissors?  .  .  .  Only  time 
I  write  .  .  .  write  home  .  .  .  very  difficult  .  .  .  still  gittin 
better     .     .     .     every  day.'' 

(2)  Xaming  and  recognition  of  colours. — He  chose  the  colour  shown  to  him, 
named  orally,  or  in  print,  without  the  slightest  difficulty.  Told  to  name  the 
colours  one  by  one,  his  nomenclature  was  perfect,  but  violet  was  liable  to  be 
called  "  voilet "  and  orange  "orage."  Except  "  voilet "  they  were  written 
correctly,  but  very  slowly.  He  explained  "  Slow  in  writing  ...  I  think  I'm 
right  ...  In  Lon-on  Hospedl  I  couldn't  spell  .  .  .  my  own  name."  This 
alludes  to  his  previous  stay  in  the  hospital,  when  his  power  of  writing  was  very 
defective. 
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(3)  The  man,  cat  and  dog  test. — He  could  read  these  sentences  aloud  from 
print,  and  both  read  and  wrote  correctly  from  pictures.  He  reproduced  tlie 
(liffeient  plirases  exactly  to  dictation,  and  througliout  these  tests  showed  no 
hesitation.     The  difficulty  was  solely  one  of  pronunciation. 

(4)  The  clock  tests. — He  had  no  difficulty  in  setting  the  hands  in  imitation 
and  to  oral  or  printed  commands.  He  told  tlie  time  slowly  but  correctly, 
pausing  between  each  word.  Many  were  badly  pronounced  ;  lie  spoke  of 
"'er-levn"  (eleven),  minutes  became  "mints,"  but  he  always  employed  the 
common  nomenclature.  "When  he  wrote  down  the  time,  without  saying  it 
aloud,  he  made  one  mistake,  which  he  ultimately  corrected  after  two  attempts  ; 
he  wrote  first  20  to  2  (for  8.20),  then  20  to  8  and  finally  said,  "That's  wrong, 
ten  past  eight."  He  usually  wrote  in  numbers,  but  never  used  railway 
time.  He  had  evident  difficulty  in  retaining  the  words  in  his  memory  and 
repeatedly  looked  back  at  the  clock  during  the  act  of  writing. 

(5)  The  hand,  eye  and  ear  tests.     (See  Table  I.) 

When  he  attempted  to  imitate  my  movements  sitting  face  to  face,  or  when 
cai'r^'ing  out  pictorial  commands,  he  made  several  errors  ;  but  as  soon  as 
either  my  hands  or  the  pictures  were  reflected  in  the  mirror,  he  had  not  a 
moment's  hesitation  in  performing  the  desii'ed  actions  correctly.  He  said, 
"  Do  em  right  .  .  .  yovi  at  back  of  me."  He  was  somewhat  slower  in 
executing  oral  commands  and  made  several  errors  in  answer  to  printed 
l^hrases  read  silently.  But,  when  he  was  permitted  to  say  them  aloud,  all  his 
answers  became  correct  and  he  explained  "  All  the  time  I'm  telling  myself 
what  to  do."  He  wrote  down  my  movements  sitting  face  to  face  with  one 
mistake  only  ;  but  he  said  "  It  takes  a  lot  of  thinking." 

On  the  conclusion  of  these  tests  he  explained,  '  I  do  the  think  ...  I 
think  about  it  .  .  .  after-wds  ...  to  see  right  or  wrong  .  .  .  often  try  to 
make  it  right  .  .  .  it's  gone  .  .  .  most  cases  .  .  .  Afterwards  .  .  .  when  I 
think  about  the  thing  .  .  .  I've  got  to  spell  the  word  .   .   .  every  letter. 

Condition   in  November,  1922,   Seven    Years  and  Eight  Months  after  he  was 

iro2mded. 

The  wound  was  represented  by  a  firm  scar  running  somewhat  obliquely 
upwards  in  the  left  temporal  region  ;  the  opening  in  the  bone,  just  over  3  cm. 
in  length  and  0'75  cm.  in  breadth,  formed  a  long  gutter-shaped  slit,  exactly  as 
if  it  had  been  cut  away  with  a  gouge.  It  did  not  pulsate,  and  throughout  the 
period  of  five  days  during  which  he  was  under  observation  the  scalp  was  not 
tender  and  he  was  free  from  headache.  He  could  lift  bales  of  cotton  and 
stoop  to  do  up  his  boots  without  discomfort  ;  but  violent  changes  in  posture, 
and  the  intellectual  effort  of  reading,  were  liable  to  produce  pain  over  the 
forehead,  particularly  on  the  left  side,  associated  with  tenderness  in  the 
neighbourhood  of  the  wound. 

He  had  not  suffered  from  any  form  of  fits  or  seizures  and  was  free  from 
nausea  or  vomiting.  On  examination  I  could  find  no  signs  whatever  pointing 
to  any  abnormality  in   the  central  nervous  system.     Face  and  tongue  moved 
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well,  tlie  retiexes  were  uormal  and  there  was  no  paresis,  or  affection  of  even 
the  highest  forms  of  sensibility. 

His  general  condition  was  excellent  and  he  was  in  full  work  as  an  unskilled 
labourer.  His  intelligence  was  extremely  good  ;  willing  and  anxious  to  help, 
he  was  easy  to  examine  and  his  answers  often  showed  remarkable  powers  of 
introspection. 

Communication  with  his  fellows  was  hampered  by  liis  difficulties  of  speech 
and  this  tended  to  make  him  reticent,  except  with  those  who  took  the  trouble 
to  understand  him.  On  this  he  laid  great  stress  ;  for,  when  people  did  not 
grasp  what  he  said,  he  was  liable  to  become  confused.  "  It  seems  this  has  left 
me  more  simple-like  than  I  should  be  .  .  .  There  seems  to  be  some  weak  part 
about  me  that  I  can't  understand  ...  I  don't  seem  to  be  like  the  other  men 
...  I  can't  seem  to  go  and  be  hearty  ...  I  go  quietly  ...  I  enjoy  myself, 
when  I  go  quietly." 

Articulated  speech. — He  talked  slowly  and  with  obvious  difficulty  ;  the 
words,  especially  the  longer  ones,  were  badly  formed.  When  he  pronounced  a 
word  badly,  he  went  back  over  it  again,  recognizing  that  it  was  wrong  ;  but 
his  efforts  to  correct  it  frequently  ended  in  confusion.  He  did  not  omit  or 
seek  to  avoid  some  difficult  word  required  to  express  his  thoughts,  l)ut  made 
an  attempt  to  employ  it  and,  if  he  failed,  would  try  until  he  either  succeeded 
or  became  confused.  He  spoke  in  a  sing-song  manner,  breaking  up  liis  sen- 
tences into  short  blocks  of  w^ords  ;  but  their  grammatical  sequence  was  usually 
perfect  and  he  showed  no  tendency  to  omit  conjunctions,  prepositions  and 
articles.  For  instance,  "  My  mother  says  ...  I  moan  terribly  .  .  .  when  I 
sleep."  The  rhythm  was,  however,  disturbed,  because  his  phrases  were  broken 
up  into  abnormally  short  groups  of  words  in  consequence  of  difificulty  in  verbal 
expression. 

He  repeated  accurately  single  words,  such  as  the  names  of  familiar  objects, 
colours,  or  the  days  of  the  week,  and  found  no  difficulty  with  the  simple 
phrases  of  tlie  man,  cat  and  dog  tests.  But  articulation  and  rhythm  were 
affected  in  exactly  the  same  manner  as  with  voluntary  speech,  though  to  a 
somewhat  less  degree. 

Understanding  of  spoken  loords. — There  could  not  be  the  slightest  doubt 
that  he  comprehended  the  meaning  of  simple  language.  Thus  he  said,  "I  quite 
understand  what  they  say.  .  .  .  It's  difficult  sometimes.  ...  I  can't  exactly 
explain.  ...  At  home  ...  on  important  business.  ...  I  always  have  some- 
one with  me.  .  .  .  They  don't  understand  me  ...  I  don't  understand  them  if 
they  speak  too  quick  for  my  thinking.  .  .  .  It's  quite  alright  if  one  under- 
stands you  .   .  .  but  if  I've  got  to  explain  my  position  .  .  .  I'm  fixed." 

Orders  given  by  word  of  mouth,  even  the  complex  hand,  eye  and  ear  tests, 
were  quickly  and  accurately  executed. 

Beadinq. — He  read  little  to  himself  and,  when  I  asked  for  the  reason, 
replied,  "  I've  no  desire  to  ...  I  need  to  read  the  same  thing  over  twice  .  .  . 
before  I  could  explain  .  .  .  what  I've  been  reading  about."  All  printed  com- 
mands were,  however,  carried  out  perfectly. 
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Writinfi. — He  could  now  write  an  excellent  letter,  provided  lie  was  allowed 
"  plenty  of  time."  The  only  mistakes  appeared  as  occasional  doubt  with 
reganl  to  the  position  of  the  letters  in  some  word,  often  of  the  simplest 
character. 

The  alphabet. — In  spite  of  the  fact  that  his  only  faults  appeared  to  be 
articulatory.  he  failed  to  say  the  alphabet  spontaneously.  He  gave  the  letters 
correctly  up  to  1,  then  paused  and  continued,  "  n  m  o  p  q  v  .  .  .  wrong  there  .  .  . 
q  r  s  t  e  w  X  y  z." 

He  repeated  the  whole  series  correctly  after  me  and  read  them  somewhat 
slowly  from  print,  adding,  "  It's  the  Q's  and  U's  I  get  mixed  up." 

Asked  to  write  the  alphabet,  he  produced  with  obvious  difficulty  an  accurate 
sequence  up  to  p  ;  then  he  continued,  "  q  u  v  w  x  y  z."  On  a  second  attempt 
he  wrote  "  q  u  r  s  t  v  w  x  y  z,"  adding  "  That's  hard."  All  the  letters  were 
written  perfectly  to  dictation ;  but,  when  transcribing  capitals  into  cursive 
script,  he  made  two  mistakes,  which  he  finally  corrected. 

Given  the  twenty-six  block  letters  he  had  difficulty  in  recognizing  the  A 
because  it  was  upside  down  :  I  reversed  it  and  lie  at  once  started  to  put 
together  A  B  C  D  E  F  G  (upside  down)  HIJKLMNOPRSTUVWXY. 
He  then  discovei-ed  the  Q,  and,  after  much  hesitation,  placed  it  correctly  and 
added  the  Z.  This,  he  said,  was  easier  than  writing,  "  because  of  course  there 
is  no  spelling  attached  to  it.  .  .  .     Q's  and  U's  mostly  get  mixed  up." 

A  •printed  paragraph. — I  used  for  this  series  of  tests  the  following  short 
account  of  his  own  history  :  "  I  was  a  private  in  the  4th  Battalion  of  the  Black 
Watch,  Royal  Highlanders.  I  was  trained  in  Dudup  Castle,  and  went  to  France 
in  February,  1915.  Nineteen  days  later  I  was  wounded  by  the  explosion  of  a 
shrapnel  shell.  Within  a  few  days  after  being  wounded  I  was  taken  to  the 
London  Hospital." 

This  he  read  silently  and  when  asked  what  he  had  gathered,  replied,  "  I've 
been  a  i)rivate  in  the  4th  Black  Watch  and  training  at  Dudup  Castle.  I  went 
to  France  in  1915.  I  was  wounded  by  the  explosion  of  a  shell  nineteen  days 
later.     I  was  taken  to  the  London  Hospital.     I  don't  forget  that." 

After  again  reading  the  paragraph  tlirough  silently,  he  wrote,  "  I  was  a 
privat  in  the  4th  Battalion  royal  highlanders  and  trained  at  Dudup  castle.  I 
went  to  Fi-ance  in  Febtuary  1915  I  was  wounded,  in  a  few  days  later  I  was 
taken  to  London  Hospital."  Then  he  said,  "I've  missed  out  some  word,  I 
think.  ...  I  was  wounded  by  the  explosion  of  a  sliell  .  .  .  shap  .  .  shap- 
nal.    .    .    .    That's  what  I  left  out.'' 

He  read  three  sentences  aloud  from  print  as  follows  :  '  I  was  a  private  in 
the  fourth  Be-taln  of  the  Black  Watch,  Eoyal  Highlanders  ...  I  was 
train  in  Dudup  Castle,  Dundee  and  went  to  France  ...  in  Feb-urie 
.  .  .  1915  .  .  .  Nineteen  days  later  ...  I  was  wounded  by  an 
explosion  of  ...  a  sher-ap-nel  shell  .  .  .  Within  a  few  days  after 
.  .  .  being  wounded  ...  I  was  taken  to  the  London  Ors-pedl."  He 
added  "  The  words  .  .  .  seem  to  .  .  .  stand  still  ...  I  can't 
go  further     .     .     .     as  if  I  were  in  a  deep  thought     .     .     .     When   I'm  like 
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that  ...  I  have  to  draw  away  my  head  from  the  print  and  look  back 
again  ...  By  that  time  I  may  have  lost  my  place  .  .  .  and  have  to 
start  over  again." 

To  dictation  he  wrote  :  "  I  was  a  privite  in  the  4th.  Battalion  of  the  Black 
Watch  Eoyal  Highlanders.  I  was  trained  in  Dudup  Castle  Dundee  and  went 
to  France  in  Feburary  1915  ninteen  later  I  wounded  by  the  expload  of  a 
s  shell  within  a  few  days  after  being  wounded  I  was  taken  to  tlie  London 
hospital."  Then  he  wrote  spontaneously  in  amplification  of  the  sentence  where 
he  had  failed,  "  ninten  days  later  I  was  wounded  l)y  the  esplocdion  of  a  — 
shrapnel." 

He  then  copied  the  whole  paragraph  correctly  from  print,  adding,  "  Tliat's 
a  great  piece  of  work  for  me  doctor  .  .  .  It's  the  forgetting  ...  I 
know  what's  to  be  done  .  .  .  and  yet  I  can't  do  it  .  .  .  Just  the 
same  as  your  speaking  to  me  ...  I  understand  what  you  say  .  .  . 
but  later  on  I  would  forget  .  .  .  quite  a  lot  that  you  would  be  speaking 
about  ...  I  don't  forget  what  I'm  .  .  .  talking  about  ...  It 
seems  that  words  that  are  spoken  .  .  .  liave  a  better  impression  . 
on  my  mind." 

Finally  I  asked  him  to  tell  me  what  it  was  all  about,  and  he  replied, 
"  About  being  a  private  in  the  Black  Watch  .  .  .  and  being  nineteen  days 
in  France  .  .  .  I'm  trained  at  Dudup  Castle,  Dundee  .  .  .  nineteen 
days  in  France  ...  I  was  w^ounded  ...  a  few  days  after  being 
wounded  I  was  taken  to  the  London  Hospital  .  .  .  wounded  by  explosion 
of  a  shell  ...  a  shar-a-nel  shell.  I  quite  remember  in  France  what  I 
did  .  .  .  and  then  I  don't  remember  any  more  ...  I  knew  the 
pre-dick-ment  (predicament)  I  was  in  ...  I  saw  the  flare  of  the  shell 
.  .  and  I  felt  the  burning  sensation  in  my  head  .  .  .  When  I  tried 
to  speak  .  .  .  I'd  no  speech  .  .  .  Tlie  right  thumb  was  dead  .  .  . 
I  couldn't  feel  with  it  for  about  three  days." 

Numbers  and  arithmetic. — He  counted  slowly  and  deliberately  without 
mistakes  up  to  100.  Articulation  was  somewiiat  slurred,  especially  when  he 
came  to  the  seventies;  he  said  Seven-y-one  "  instead  of  seventy-one  and 
"  hun-dert  two  "  for  a  hundred  and  two.  All  the  numbers  were  written  in 
sequence  without  error  of  any  kind. 

Given  the  following  exercises  in  simple  arithmetic,  he  failed  to  solve  the 
last  subtraction  sum,  saying,  in  conclusion,  "The  diff-ulty  ...  I  can 
hardly  explain  .  .  .  it's  the  thinking  ...  a  kind  of  .  .  .  hesi- 
tation ...  If  I'd  be  getting  plenty  of  time  to  do  it  .  .  .  I'd  be 
doing  it  perfectly  .  .  .  Tlie  num-mers  (numbers)  .  .  .  you  see  I 
must  move  my  lips  ...  I  had  to  say  .  .  .  different  figures  . 
and  different  methods  ...  I  must  find  the  smallest  of  the  words  • 
because  I  can't  speak  much." 


Addition. 

123 

356 

287 

243 

235 

376 

366  ..  591  ..  663 
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Siibtractio7i. 

568 

8G2 

621 

234 

546 

258 

334 

316  (Corrected) 

263 

Coins  avd  their  relative  value. — All  the  pieces  of  money  from  a  halfpenny 
to  a  pound  note  were  named  accurately,  and  their  relative  value  was  explained 
with  ease.  He  experienced  no  difficulty  with  cliange  and  managed  his  money 
affairs  with  considerahle  ability  ;  thus,  he  took  liis  own  ticket  from  Scotland 
with  the  money  I  sent  him,  and  gave  me  an  exact  statement  of  his  expenditure. 

Drawing. — He  had  no  diflficulty  in  drawing  either  from  a  model  or  from 
memory.  He  produced  an  excellent  outline  of  an  elephant,  naming  each  salient 
part  correctly  as  he  filled  it  in. 

Orientation  and  a  ground-plan. — He  found  his  way  with  ease  even  in 
London,  and  was  entirely  free  from  confusion  with  regard  to  the  objects  in  a 
familiar  room.  He  drew  an  excellent  ground  plan  saying,  "  I  just  imagined 
.  for  a  moment  ...  I  was  in  tliat  room  ...  I  could  see  the 
room."  I  tlien  asked,  "  Can  you  see  the  colour  of  the  things  in  tlie  room  ?  " 
He  replied,  "  The  cu])boards  are  white  .  .  .  the  table  where  we  were 
sitting  was  square  ...  it  was  brown  ;  "  all  of  which  statements  were 
correct. 

Games. — He  played  a  good  game  of  draughts  and  was  fond  of  cards  ;  but 
he  added,  "  T  play  in  the  slow  style     .     .     .     I've  got  to  think." 

Seiial  Tests. 

(1)  Naming  and  recognition  of  common  objects  was  performed  accurately, 
but  he  said,  "  If  I  didn't  pay  strict  attention  I'd  be  wrong."  All  the  names 
were  written  correctly  except  scissors,  which  became  "  cissors  "  or  "  sissors," 
and  he  complained  "  That's  the  diff-ult  (difiicult)  one."  To  dictation  the 
words  were  somewhat  better  written,  and  he  copied  them  correctly  from  print. 

(2)  He  named  and  recognized  colours  perfectly,  and  carried  out — 

(3)  The  man,  cat,  and  dog  tests  without  difficulty. 

(4)  The  clock  was  set  to  oral  or  printed  commands  given  either  in  the 
usual  nomenclature  or  in  railway  time,  and  lie  told  the  time  correctly,  though 
his  articulation  was  somewhat  defective  ;  thus,  five  minutes  past  eight  became 
"  Fi  min-uts  pass  eight,"  though  in  every  case  the  hour  was  given  w'ithout 
hesitation.  Asked  to  write  down  the  time,  he  found  great  difficulty  in  spelling 
minutes  (written  "  munites,"  "  ninutes,"  or  sometimes  correctly) ;  but  the  hour 
was  never  in  doubt. 

(5)  All  the  hand,  eye  and  ear  tests  were  now  executed  correctly.  To  oral 
and  printed  commands  the  movements  were  made  with  quickness  and  pre- 
cision, but  imitation  face  to  face  was  carried  out  more  slowly,  and  when 
executing  pictorial  orders  he  corrected  himself  on  several  occasions.  He 
showed  remarkable  accuracy  in  w-riting  down  movements  made  by  me, 
although  he  was  slow  and  deliberate. 
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§  3. — A  Case  of  Syntactical  Aphasia,  due  to  Perforation  of  the  left  Temporal  Lobe 
by  a  Rifle  Bullet.  Tyjncal  "  Jargon  "  and  other  siqns  of  injury  to  this 
red  ion,  sU'Ch  as  Quadrantic  Hemianopia  and  Epileptiform  Attacks,  pre- 
ceded by  an  Aura  of  Smell. 

No.  15. — Private  Edward  S.,  aged  25,  was  admitted  to  tlae  London  Hospital 
on  March  2,  1915,  with  a  gunshot  wound  of  the  head.  He  was  incapable  of 
giving  any  account  of  his  injury,  and  the  sole  inform-ation  sent  with  him,  was 
a  card  stating  that  he  was  "  admitted  to  No.  2  Stationary  Hospital  on  February 
2,  1915,  with  an  operation  wound  of  the  head  "  and  that  "  mentally  he  has 
improved  steadily  since  admission  ;  no  further  operation  performed." 

A  rifle  bullet  had  entered  just  to  the  left  of  the  inner  canthus  of  the  right 
eye,  and  liad  made  its  exit  directly  above  the  insertion  of  the  left  ear.  The 
wound  of  entry  was  represented  by  a  minute  perfectly  healed  white  scar.  On 
the  other  hand  its  exit  consisted  of  an  irregular  opening  in  the  bone  and  tissues 
of  the  scalp,  and  through  this  protruded  a  small  suppurating  hernia  cerebri, 
which  pulsated.  Bone  had  been  removed  over  an  irregularly  quadrilateral  area 
about  3  cm.  in  vertical  and  the  same  distance  in  horizontal  extent;  below, 
this  opening  reached  the  level  of  the  insertion  of  the  ear,  and  above  it  was 
about  13  cm.  from  the  middle  line  of  the  scalp.  The  nasion-inion  measured 
35  cm.,  and  the  anterior  border  of  loss  of  bone  corresponded  to  a  point  13  cm. 
along  this  line,  whilst  the  posterior  edge  was  3  cm.  behind  it.  Above  the 
wound  was  a  large  horseshoe-shaped  surgical  incision,  which  had  healed 
completely.     (Of.  figs.  2  and  3,  pp.  398  and  400-) 

He  did  not  as  a  rule  say  anything  spontaneously  ;  but  in  answer  to  ques- 
tions his  speech  was  jargon.  When  he  wanted  to  ask  if  he  might  smoke,  he 
said,  "  Want  treat  Christian  ;  "  but  the  intended  meaning  of  the  words  became 
obvious,  when  he  put  an  imaginary  cigarette  into  his  mouth  and  pretended  to 
light  it. 

The  left  pupil  was  fixed  and  tlie  cornea  insensitive  ;  the  lid  drooped  and  he 
was  unable  to  move  the  globe  in  any  direction  except  downwards.  This  eye 
was  blind  from  rupture  of  the  choroid  and  atrophy  of  the  optic  nerve.  Evi- 
dently the  bullet  had  caused  gross  damage  to  the  left  eye  as  it  passed  back- 
wards in  the  direction  of  the  temporal  lol)e. 

The  lower  portion  of  the  right  half  of  the  face  moved  slightly  less  than  the 
left,  and  the  tongue  was  protruded  a  little  to  the  right  of  the  middle  line.  Arm- 
jerks  and  knee-jerks  were  brisker  on  the  right  than  on  the  left  side  and  there  was 
a  tendency  to  clonus  at  the  right  ankle-joint.  The  right  plantar  reflex  gave  an 
upward  response,  whilst  the  left  was  normal.  Over  the  left  half  of  tlie  abdomen 
the  responses  were  unaffected  ;  but  on  the  right  side  no  reflex  could  be  obtained 
from  the  lower  segment,  whilst  that  from  the  upper  part  of  the  abdomen  was 
evidently  diminished.  Motor  power,  muscular  tone  and  co-ordination  were 
unafl'ected  and  sensation  appeared  to  be  normal. 

Condition  in  Jane,  1915,  eighteen  weeks  after  he  ivas  wounded. 

By  June  5,  1915,  the  cerebral  hernia  had  entirely  disappeared,  the  wound 
was  firmly  healed  and  he  was  up  all  day,  busy  and  helpful  in  the  ward.     During 
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the  following  week  a  complete  series  of  observations  was  made  with  tlie  follow- 
ing result. 

He  had  suffered  from  no  fits  or  seizures  during  his  stay  in  Hospital,  and 
was  free  from  headache  and  vomiting.  The  left  globe  was  slu-unken  and  had 
subsequently  to  be  removed.  Vision  of  the  right  eye  was  -|,  but  there  seemed 
to  be  some  restriction  of  the  upper  jmrt  of  the  outer  quadrant  of  the  visual 
field,  although  the  right  fundus  showed  no  definite  changes.  He  was  some- 
what deaf  in  the  left  ear,  but  he  thought  that  the  tuning-fork  placed  on  the 
forehead  was  heard  better  on  this  side.  No  gross  changes  could  be  seen  on 
otoscopic  examination,  though  apparently  the  bullet  on  making  its  exit  had  in 
some  way  injured  the  auditory  apparatus  of  the  left  ear.  Smell  and  taste  were 
certainly  unaffected.  There  was  still  a  little  weakness  of  the  lower  portion  of 
the  right  half  of  the  face,  and  the  tongue  was  protruded  slightly  to  the  right 
of  the  middle  line.  Arm-,  knee-  and  ankle-jerks  were  brisker  on  the  right  side 
than  on  the  left,  but  there  was  no  ankle  clonus.  The  right  plantar  reflex  gave 
an  upward  response,  whilst  the  left  great  toe  went  downwards.  The  lower 
segment  of  the  right  half  of  the  abdomen  now  responded  to  stimulation,  but  the 
reflex  was  diminished  and  was  less  than  that  obtained  from  any  other  portion. 
There  was  no  paralysis  or  paresis  and  sensation  was  not  affected. 

Symbolic  Formulation  and  Expression. 

He  was  cheerful  and  willing,  laughed  when  he  was  successful  in  performing 
the  task  set  him,  and  did  not  become  irritable,  though  he  failed  to  express 
himself  intelligibly.  When  he  recognized  that  his  jargon  was  incomprehen- 
sible, he  dropped  his  head  and  sometimes  showed  the  beginning  of  a  blush  ; 
he  did  not  then  care  to  make  another  attempt  to  express  those  particular 
thoughts.  He  was  intelligent  and  useful  in  the  work  of  the  ward,  provided  he 
was  not  compelled  to  express  himself  in  speech.  For  example,  he  would  go 
about  serving  the  patients,  washing  up,  laying  the  cloth  correctly  ;  but  as  soon 
as  he  attempted  to  formulate  his  wants,  such  as  that  he  required  a  purge,  he 
became  confused,  not  only  in  utterance  l)ut  in  thought. 

Articulated  speech. — He  said  little  spontaneously,  but  answered  questions 
readily  ;  once  started,  his  speech  was  rapid  and  voluble.  He  tried  to  "rush  " 
his  phrases  and  not  uncommonly  was  brought  to  a  standstill  by  pure  jargon. 
It  was  extremely  difficult  to  hear  the  prepositions,  conjunctions  or  articles,  and 
these  parts  of  speech  were  frequently  omitted.  Thus,  asked  what  he  had  done 
since  he  came  to  the  London  Hospital,  he  said  "  To  here  ;  only  washing ;  cups 
and  plates."  Q.  "  Have  you  played  any  games  ?  "  A.  "  Played  games,  yes, 
played  one,  daytime,  garden."  Q.  "  What  did  you  play  '?  "  A.  "  We  had 
fom-  bowls  each  ;  big  bowls  ;  about  four  each.  Always  chuck  to  a  small  white 
'un  ;  try  to  hit  it.  Round  one,  flat  one  ;  chuck  it  on  to  flat  bit  of  wood.  Me 
and  another  try  to  play  it,  see  who  could  get  the  most,  numbers."  Asked 
about  his  wound  he  said,  "  When  I  woke  straight  in  bed  ;  I  couldn't  say  it. 
I  knew  what  it  was,  but  couldn't  say  it.  I  couldn't  say,  France  nobody 
was;  but  I  couldn't  say  it." 
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He  did  not  use  wrong  words,  and  if  the  subject  under  discussion  was 
known,  it  was  not  difficult  to  gather  the  sense  of  what  he  said.  Thus,  when 
I  was  testing  his  taste,  and  placed  some  quinine  upon  his  tongue,  he  said  : 
"  Rotten  to  drink  it.  Something  medicine  or  that.  Make  you  drop  of  water 
after  it,  so  to  take  out  of  your  mouth."  The  rhythm  of  the  words  and  the 
balance  of  each  phrase  was  mainly  affected.     Syntax  was  gravely  disordered. 

He  could  say  the  alphabet  and  the  months  correctly  and  in  order. 

Understanding  of  spoken  words. — He  seemed  to  comprehend  w^hat  was  said 
to  him,  and  carried  out  simple  oral  commands  correctly  ;  thus  he  chose  without 
fail  a  common  object  or  colour  named  by  me.  But,  as  soon  as  the  order  of 
necessity  took  the  form  of  a  group  of  words  or  a  short  phrase,  it  was  executed 
more  slowly  and  with  some  hesitation ;  when  setting  the  hands  of  a  clock,  he 
was  liable  to  confuse  to"  and  "past"  the  hour,  and  he  made  several 
mistakes  with  the  hand,  eye,  and  ear  tests. 

Reading. — He  was  asked  to  select  something  from  the  daily  paper  to  read 
aloud,  and  chose  the  following  large  block  type  heading  on  the  front  page  : 
"Mr.  Lloyd  George  says  Red  Tape  must  go.  The  Truth  about  Przemysl. 
Russians  evacuate  Galician  town  after  removing  guns  and  stores.  Success  in 
the  North.  German  lines  pierced  and  prisoners  taken."  These  he  read  rapidly 
as:  "Mr.  Lloyd  George  says  red  take,  take  must  go.  The  troop  about  towns, 
what  lost  'em.  Russ-ns  exclose  some  big  town  after  refunded  ...  re 
.  .  .  refunded  guns  and  stories  .  .  .  stoppies.  Success  in  the  north. 
German  binds  prisoners  and  prisoners  taken." 

I  then  said  :  You  have  just  read  me  something;  what  was  it  about?" 
He  answ-ered  :  "  What  looking  at  paper  ?  "  "  Yes."  He  then  continued  : 
"  Germans  what  lost  big  town  and  the  Americans  .  .  .  Germans  have  already 
won  it.  Some  of  the  prisoners  on  its  road,  its  country  .  .  .  prisoners,  over 
it.  Mr.  Lloyd  George  says,  Act  beer  something."  The  substitution  of  "  Red 
take  must  go"  for  "  Red  tape,"  when  he  read  the  readings  aloud,  evidently 
confused  him,  and,  on  attempting  to  reproduce  the  meaning,  he  substituted 
legislation  about  beer,  much  discussed  at  this  time. 

He  chose  a  common  object  or  colour,  and  set  the  hands  of  a  clock  quickly 
and  accurately  to  printed  commb,nds  ;  but  he  carried  out  tlie  hand,  eye,  and 
ear  tests  slowly  and  witli  several  errors.  So  long  as  the  order  was  given  in  a 
single  word,  his  response  was  prompt ;  on  the  other  hand,  a  phrase,  which  he 
was  compelled  to  repeat  to  himself  silently  before  he  performed  the  movement 
required,  was  liable  to  lead  to  confusion. 

He  understood  not  only  the  details  but  also  the  general  meaning  of  pictures, 
though  he  had  extreme  difficulty  in  formulating  aloud  what  he  had  learnt  from 
them. 

Shown  a  picture  of  two  Belgian  gunners  explaining  the  mechanism  of  a 
field-gun  to  a  British  Red  Cross  woman  worker  at  tlie  Front,  he  said  :  "  It's 
the  ladies  .  .  .  come  on  the  hospital  .  .  .  come  to  see  how  men 
work  it."  Q.  "  What  sort  of  men  are  they  ?  "  A.  "  Till  France  .  .  .  the 
men  come  from  France    .     .     .     the  France  men     .     .     .     she  might  come  from 
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England    .     .     .    lady."     Q.  "What    are    they    showing    her?"     A.  "A  gun 
.     .     .    a  75  isn't  it?  " 

He  was  then  told  to  read  the  legend  aloud,  which  he  did  as  follows: 
"  Belgian  gunners  explode  .  .  .  no,  explay  .  .  .  the  max-stick  some- 
thing ...  of  their  wetton  ...  to  a  Eed  Cross  .  .  .  worker,  worker 
.  .  .  She  helongs  to  the  British  nursing  .  .  some  corps "  (Belgian  gunners 
explaining  the  mechanism  of  their  weapon  to  a  Red  Cross  worker.  Slie  belongs 
to  a  British  Nursing  Yeoman)"y  Corps.) 

I  then  asked  :  "What  is  the  picture  now?"    and   he  answered:    "It's  a 
guns  belongs  to  Belgian.      .      .     She  a  hospital  lady  from  England     . 
comes  from  England.     .     .    The  Belgians  just  telling  wliat  it's  made  of    .     .     . 
the  different  names,  the  works  and    .     .     .'" 

Writing. — Asked  to  write  his  name  and  address,  he  did  so  rapidly  as  Frank 
Edwe  Sams,  203  Parkhurst  Road,  Manor  Park,  E. ;  liut  when  he  attempted  to  do 
the  same  for  his  mother  with  whom  he  lived,  he  failed  entirely.  I  said  to  liim  : 
"Now  write  your  mother's  address";  he  hesitated  and  asked:  "  What,  her 
name  before?  '  To  this  I  replied  :  "  No.  her  name  now:  as  if  you  were  going 
to  direct  a  letter  to  her."  He  wrote  "  S",:  then  after  a  pause:  "  Sams,"  and, 
saying  "  Susie,"  gave  up  the  attempt.  Urged  to  try  again,  he  wrote  "  S.  Sams 
203,"  and  said  :  "  No,  I  can't,  you  mean  her  address?    No,  I  can't." 

In  response  to  a  request  to  wi'ite  a  letter,  he  produced  the  following :  "  My 
dear  Sister  I  now  write  to  you  that  I  hame  getting  the  best  of  hearl,  and  I  am 
getting  to  walk  to  the  garden  to  play  a  lot  of  game  and  I  hame  the  all  of." 
Asked  to  read  aloud  what  he  had  written  he  said  :  "  My  dear  Sister  I  now 
write  to  you  that  I  am  now  getting  tlie  best  of  health,  and  I  getting  to  walk  to 
the  garden  to  play  a  lot  of  games,  and  I  have  the  -whole  of  .  .  .  I've  for- 
gotten now  what  I  was  going  to  say." 

He  spent  much  of  his  time  on  tlie  balcony  reading  the  newspaper  and  I  asked 
him  to  choose  some  passage,  which  was  of  interest,  and  to  write  down  for  me 
what  it  conveyed  to  him  ;  for  he  told  me  he  liked  reading,  "  but  I  can't  say  it." 
The  result  was  as  follows  :  "  the  men  of  the  rich  we  have  been  fiching  for  a 
day  and  we  have  gorn  200  yard  of  and  we  will  go  a  ...  "  I  t];ien  inquired 
what  did  you  want  to  write?  "  and  he  answered  "  our  division  was  firing  .  .  . 
was  firing  all  day  .  .  .  was  fighting  all  day  and  all  the  regiment  . .  .  .  all 
the  regiment  had  moved  .  .  .  at  night  all  the  regiment  moved  on  ,  .  .  two 
hundred  yards  all  our  regiment." 

The  alphabet  was  written  as  follows  :  a  b  c  d  e  f  g  li  i  j  k  1  ni  n  o  p  u  r  s  t  ^ 
u  y  w  X  y  z  and  Avhen  dictated  a  b  c  d  e  f  g  h  i  j  k  1  m  n  o  P  Q  R  S  T  U  X  W 
Z  Y  Z. 

Numbers  and  coins. — He  named  every  coin  correctly  throughout  a  series  of 
twenty-one  tests,  and  had  no  difficulty  in  expressing  the  relative  value  of  any 
two  of  them  to  one  another.  Simple  addition  and  subtraction  wei'e  carried  out 
perfectly.  The  coin-bowd  test  evidently  presented  no  difficulty  and  the  various 
movements  wei'e  executed  without  mistake  both  to  oral  and  printed  commands. 

1  Probably  an  uncrossed  t. 
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Drawing  and  pictures. — Asked  to  draw  a  spirit-lamp  placed  before  him'ou 
the  table,  he  produced  an  excellent  picture  and  said,  "  I  was  good  drawder 
.  .  .  drawer  ...  at  school."  The  model  was  removed  and  ten  minutes 
later  he  was  asked  to  draw  it  from  memory  ;  the  result  was  an  almost  exact 
reproduction. 

Then  I  said  to  liim  "  Draw  me  an  elephant."  He  replied,  "  Yes  I  seen 
them  ...  up  other  end  .  .  .  India."  He  then  produced  the  following 
figure :  (fig.  9). 

When  drawing  (a)  he  said  "mouth  "  and  then  uttering  the  words  "irons," 
"  highons,"  he  added  to  the  picture  what  were  evidently  intended  for  horns. 
After  he   had  finished  I  asked,  "What  has  an  elephant  got  in  front?"     He 


Fig.  'J. 


answered,  "They  carry  big  trees  .  .  .  tied  round  a  bit  of  an  iron  thing."  I 
then  said,  "Behind  you  have  given  him  a  tail,  what  has  he  in  front?"  He 
replied,  "  He  has  a  big  one,  quite  straight,  about  a  yard  long."  Q.  "  What  is  it 
called?"  A.  Same  what  you  drive  water  with."  Q.  "  Has  your  elephant  got 
a  trunk  ?  "  A.  He's  lost  it  "  and  at  once  he  wanted  to  add  the  missing  part. 
I  then  pointed  to  the  horns  he  had  drawn  on  the  head  of  his  figure,  asking, 
"  Has  an  elephant  got  horns  ?  "  He  replied,  "  Yes  silver  what  you  stick  out  " 
(pointing  to  the  corner  of  his  mouth  and  placing  his  pencil  into  the  position  of 
a  tusk).  Q.  '  What  are  they  made  of  ?  "  A.  "  Kind  of  a  white  bone  one, 
what  grows  in  the  mouth,  on  the  roof,  on  the  edge  of  the  mouth."  Evidently 
he   had   been  confused  l)y  saying  the  jargon  words  representing   horns,  and 
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iniiHilsivoly  added  them  to  the  figure ;    hut  he  was  finally  ahle  to  exi^lain  his 
error  by  gestures,  giving  a  correct  interpretation  of  his  intention. 

GaDies. — He  played  a  perfect  game  of  dominoes  and  was  excellent  at  bowls. 

Serial  tests. 

(1)  Xaminq  and  recocinition  of  common  objects. — All  these  tests  were  carried 
out  correctly,  but  on  two  occasions  lie  called  a  pencil  "  black  lead  "  or  "  black- 
ing "  ;  otherwise  his  nomenclature  was  accurate,  and  he  was  quick  in  selecting 
the  object  named  orally  or  in  print. 

(2)  Xaviing  and  recognition  of  colours  : — 

Table  I. 


Pointing 

to  colour 

.shown 

Oral 
commands 

Printed 
commands 

Naming  colours  .^liown 

l.st  series 

2nd  series 

Black   

Perfect 

Perfect 

Perfect 

Correct 

Correct 

Red 

Orange 

White 

Green  . . 

Violet 

Blue 

Can't  say  it 
Correct 

Gur  .  .  green 
Vilef 
Correct 

Volley 
Correct 

Black    

Ked 

Orange 

White 

Green  . . 

Violet 

Blue 

" 

>> 
j» 

Slow,  correct 

Correct 

Blue 

Volley 
Correct 

Blue 

Vilet 

Correct 

Slow,  correct 

Volley 

Correct 

Black   

Red 

Orange 

White 

>> 

Can't  think 

of  it 

Correct 

More  like  a 

yellow  one 

Correct 

Green  . . 

Violet 

Blue 

" 

Viiet' 
Correct 

Bluey 
Correct 

Probably,  as  a  Londoner,  his  normal  pronunciation  was  "  vilet." 


Here  again  he  chose  correctly  to  oral  or  printed  commands,  but  the  names 
he  applied  were  less  accurate  and  he  was  specially  troubled  by  violet  and 
orange. 

(3)  The  man,  cat,  and  dog  test.     (See  Table  II.) : — 

He  read  these  short  phrases  aloud  without  difficulty  ;  but  wrote  them  down 
inaccurately,  not  infrequently  reversing  the  order  or  substituting  one  noun  for 
another.  Exactly  the  same  trouble  occurred  when  he  wrote  to  dictation.  He 
could,  however,  copy  these  simple  phrases  perfectly. 

(4)  The  clock  tests.     (See  Table  III.)  :— 

He  set  one  clock  in  exact  imitation  of  another  and  told  the  time  accurately. 
Printed  orders  were  well  executed,  but  oral  commands  were  carried  out  some- 
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Table  II. 


Copied  in 
cursivfi 

Reading  aloud  from  the  printed  cards 

and  wri 

ing  what  he  had  read 

Written  to  dictation 

handwriting 
from  the 



printed 
cards  i 

(n)  Read 
aloud 

(6)  Wrote 

The  dog  and  the  cat   . . 

The  dog  and  the  cot 

Perfect 

Perfect 

The  dog  and  the  cat 

The  man  and  the  dog 

The  men  of 

,, 

,, 

The  dog  and  the  men 

The  cat  and  the  man. . 

The  cot  and  the  men 

,, 

,, 

The  cat  and  the  men 

The   dog  and  the  man 

The  dog  and  the  men 

,, 

,, 

The  dog  and  the  men 

The  dog  and  the  cat  . . 

The  dog  and  the  cat 

, , 

J  J 

The  dog  and  the  cat 

The  man  and  the  dog 

The  men  and  the  dog 

,, 

, , 

The  men  and  the  dog 

The  cat  and  the  man. . 

The  cat  and  the  dog 

,, 

,, 

The  men  and  the  dog 

The  dog  and  the  man 

The  dog  and  the  cat 

,, 

,, 

The  men  and  the  cat 

The  dog  and  the  cat   . . 

The  cat  and  the  dog 

,, 

The  dog  and  the  men 

The  man  and  the  dog 

The  men  and  the  dog 

,, 

,, 

The  man  and  the  cat 

The  cat  and  the  man  . . 

The  cat  and  the  men 

,, 

,. 

The  cat  and  the  men 

The  dog  and  the  man 

The  dog  and  the  men 

" 

The  dog  and  the  man 

'  The  handwriting  was  much  better  than  in  tests  (1)  or  (.3). 


Table  III. 


Oral  coin-            Printed 

Direct 

Writing  down  the 

Printed  com- 

niands             commands 

imitation 

time  shown  on  a 
clock-face 

aloud  and 

10  minutes  past  7 

Ten  past  seven 

Correct 

Quick,  correct 

Perfect 

10  minutes  past  7 

Both  correct 

20  minutes  to  6   . . 

A  quarter  to  six 

,, 

20  minutes  to  6 

10  minutes  to  1   . . 

Ten  to  one 

Slow,          ,,           ,,              ,, 
correct 

10  minutes  to  1 

A  quarter  to  9 

Quarter  to  nine 

Correct         ,,            >,       i        ,. 

45  to  9 

20  minutes  to  4    . . 

Twenty  to  four 

4.20     1       „            „       , 

20  to  4 

5  minutes  to  2 

Five  to  two 

Correct  '       ,,           ,,              ,, 

5  to  2 

20  minutes  to  6   . . 

Twenty  to  six 

11        1       I)           11              11 

20  to  6 

Half.past  2 

Half  past  two 

).                             >>                       M 

,, 

30  past  2 

20  minutes  past  11 

Twenty  past 
eleven 

., 

" 

20  past  11 

Half-past  1 

Half  past  one 

,,                              ,,                        ,, 

,, 

30  past  1 

5  minutes  past  8 

Five  past  eight 

7.55     '       „ 

, ,        i            5  past  8 

25  minutes  to  3   . . 

Twenty  five  to 
three 

2.40 

" 

25  to  ..."I  forget" 

20  minutes  past  9 

A  quarter  to  four 

Correct  |       ,,           ,, 

,, 

20  past  9 

.  .  .    nine  twenty 

10  minutes  past  8 

Ten  past  eight 

Slow, 

»)           >' 

,, 

2  past  8 

correct  ' 

what  slowly,  and  in  two  instances  he  mistook  "  to  "  and  "  past  "  the  hour. 
He  could  write  down  the  time  on  the  whole  correctly  although  liis  nomen- 
clature was  peculiar.  Tims  a  quarter  to  nine  became  "  45  to  9  "  and  ten 
minutes  past  eight  was  written  as  "  2  past  8  "  because  the  long  liand,  standing 
at  ten  minutes  past  the  hour,  pointed  to  the  number  2. 
(5)   TJie  hand,  eye  and  ear  tests  : — 
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Iniitntuui 

Iiiiitalioii 

rictoiiiil 

of  ni'ive- 

of  move- 

com- 

nii-nt-s 
mad.'  by 

reflrctod 

rictorinl  coiniiiaii<lK 

IllilllilS 

rcHectpd 

Oriil  cvniiriiariils 

I'riiiti'd  coiiniiiind.s 

the 

in  R 

<ii  II 

observer 

mirror 

tnirror 

L.  hand  to  R.  eye  . . 

Correct 

Perfect 

Correct 

Perfect 

R.  hand  to  L.  eye 

Correct 

R.  hand  to  R.  ear  . . 

•• 

'• 

" 

" 

R.  hand  to  R.  ear  ; 
tlien  cyt! 

R.  hand  to  R.  eye 

R.  hand  to  L.  eye  . . 

Slow, 
correct 

»» 

•• 

" 

Correct 

Correct 

L.  hand  to  R.  ear  . . 

Correct 

^, 

J, 

,, 

^ , 

L.  hand  to  R.  eye 

R.  hand  to  R.  eye  . . 

'• 

" 

L.  hand  to  H.  eye 

" 

R.  hand  slowly  to 
R.  ear 

Correct 

L.  hand  to  L.  ear   . . 

" 

•• 

L.  hand  to  L.  eye  : 
then  ear 

jj 

Correct 

Slow,  correct 

L.  hand  to  L.  eye  . . 

J, 

ji 

Correct 

,, 

>> 

»»            11 

R.  hand  to  L.  ear   . . 

>• 

»> 

R.  hand  to  L.  eye  ; 
then  ear 

" 

>» 

Correct 

L.  hand  to  R.  eye  . . 

9* 

91 

Correct 

,, 

,, 

,, 

R.  hand  to  R.  ear  . . 

91 

,, 

,, 

II 

Very  slow,  correct 

R.  hand  to  L.  eye  . . 

n 

" 

i> 

»» 

Correct 

L.  hand  to  R.  ear  . . 

»t 

1, 

,, 

>) 

" 

R.  hand  to  K.  eye  . . 

,, 

,, 

»i 

,, 

L.  hand  to  L.  ear  . . 

" 

•' 

>» 

" 

>» 

L.  hand  ;    then  R. 

L.  hand  to  L.  eye   . . 

,, 

)i 

,, 

>> 

hand  to  L.  eye. 

R.  hand  to  L.  ear  . . 

,, 

»> 

,, 

Very  slow,  correct 

Correct 

L.  hand  to  R.  eye  . . 

,, 

> ' 

,, 

II              .) 

,, 

R.  hand  to  R.  ear  . . 

,J 

,, 

,, 

Correct 

>i 

R.  hand  to  L.  eye   . . 

, , 

,, 

,, 

,, 

i> 

f » 

L.  hand  to  R.  ear   .. 

,1 

,, 

,, 

,, 

,, 

,, 

R.  hand  to  R.  eye  . . 

,, 

<> 

,, 

,, 

"  No,  I  can't  " 

,, 

L.  hand  to  L.  ear   . . 

^, 

,, 

,, 

L.  band  to  R.  car 

,, 

L.  hand  to  L.  eye  . . 

!, 

jj 

,, 

,, 

Correct 

Slow,  correct, 

R.  hand  to  L.  ear   . . 

" 

" 

" 

R.  liaTid  to  L.  rye 

Very  slow,  correct 

He  imitated  my  movements,  when  we  sat  face  to  face,  correctly,  though 
somewhat  slowly  and  executed  pictorial  commands  with  three  slight  errors 
only.  When  reflected  in  .he  mirror,  these  tests  were  carried  out  perfectly  and 
without  hesitation.  His  response  to  oral  and  printed  commands  was  slow 
and  in  hoth  cases  he  made  several  mistakes  ;  but  throughout  it  was  easier  for 
him  to  execute  printed  orders  than  those  given  by  word  of  m.outh. 

Six  weeks  later  he  was  readmitted.  The  observations  on  his  speech  were 
confirmed,  l)ut  the  physical  signs  had  changed  for  the  better.  There  was  now 
no  weakness  of  the  right  half  of  the  face  and  the  tongue  was  protruded  straight ; 
the  reflexes  were  equal  on  the  two  halves  of  the  body  and  hoth  plantars  gave  a 
downward  response.     Motion  and  sensation  were  unaffected. 

Condition  in  October,  1920,  five  years  and  nine  vionths  after  he  was  loouiuled. 
The  scar  was  in  perfect  condition,  deeply  depressed  and  not  pulsating.     It 
was  not  tender  and  gave  him  no  discomfort.     He  suffered  from  no  headache  or 
vomiting,  but  complained  that  occasionally  a  "smell  of  gas"  came^into  his 
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mouth,  wliich  turned  liini  from  his  food.  This  was  not  associated  with  any 
external  manifestations,  and  passed  unnoticed  by  his  wife  and  parents.  He 
was  not  unconscious,  even  for  a  few  moments,  but  he  complained  "  Sometimes 
smell  of  gas  coming  out  of  my  mouth  ;  taste  or  something.  Want  to  be  sick 
and  can't.  Nasty  smell  comes  out  of  the  mouth.  Feel  I  want  to  be  sick  ;  stop 
me  eat,  eat  up  half  my  dinner  and  can't." 

The  left  globe  had  been  extracted  and  the  socket  was  in  perfect  condition. 
Vision  of  the  right  eye  was  If,  but  careful  perimetric  examination  under 
favourable  conditions  showed  that  there  was  distinct  limitation  of  the  upper 
and  outer  portion  of  tlie  visual  field.  The  boundaries  were  difficult  to  define 
and  seemed  to  shade  gradually  into  parts  w"here  the  sight  was  preserved.  On 
ophthalmoscopic  examination  the  inner  half  of  the  disc  was  somewhat  pale,  but 
its  edges  were  clear,  and  there  were  no  signs  of  optic  neuritis. 

Hearing  of  the  right  ear  was  normal,  and  a  watch  could  be  appreciated  at  a 
distance  of  4  ft.  With  the  left  ear  he  said  he  could  not  hear  the  watch  on 
contact,  but  a  tuning  fork  was  audible  at  about  4  in.  ;  when  placed  on  the  fore- 
head it  was  said  to  be  heard  better  in  the  right  than  in  the  left  ear.  The  left 
membrane  was  somewhat  withdrawn  and  thickened. 

Sijinholic  Formulation  and  Expression. 

He  was  married  and  lived  on  his  pension  ;  neither  he  nor  his  wife  did  any 
work,  but  they  spent  most  of  their  time  walking  about  London  in  the  parks 
and  wherever  there  was  anything  to  be  seen.  Mentally  he  was  in  the  same 
state  as  before ;  to  direct  examination  he  was  an  excellent  subject  and  his 
answers  wei'e  remarkably  constant,  but,  when  lie  attempted  to  narrate  his 
introspective  experiences,  he  became  confused  and  frequently  gave  up  trying  to 
make  himself  understood. 

Articulated  speech. — He  still  talked  jargon,  which  was  usually  compre- 
hensible if  the  subject  of  conversation  was  known.  Thus,  wanting  to  explain 
to  me  about  a  hernia,  which  had  developed  since  he  had  left  the  hospital,  be 
said,  "  I  got  that  rupture,  after  left  Hospital,  when  dark,  no  lights,  when  air- 
ships came  over.  Couldn't  see,  smashed  the  wall,  the  house  like,  smashed  into 
wall,  couldn't  see.  Had  a  pain,  saw  doctor,  pushed  it  to.  If  it  should  come 
up,  press  it  up  and  use  what  you  call  'em.     When  it  do  go  up,  pain  inside." 

He  could  repeat  single  words  or  even  simple  phrases,  such  as  those  of  the  man, 
cat'^and  dog  test,  without  difficulty.  But,  when  asked  to  repeat  short  sentences, 
which  he  had  not  heard  before,  his  defective  syntax  became  evident.  For 
example,  "  I  have  not  suffered  from  headache  lately  "  became  "  I  have  not 
suffered  headache"  ;  "I  am  afraid  there  is  going  to  be  a  coal  strike"  was 
repeated  as  "  I  afraid  there  is  going  to  be  a  a  coal  strike,"  and  "  It  was  difficult 
to'find  your  house  to-day,"  "  It's  difficult  to  find  your  house  again."  I  then 
asked  him  to  repeat  together  the  three  sentences  he  had  said,  but  he  answered, 
"  There  is  a  coal  strike.      I  can't  think." 

Understanding  of  spoken  words. — He  had  no  difficulty  in  choosing  a 
common  object  or  colour  named  by  me,  or  in  setting  a  clock  to  oral  commands. 
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Hven  the  complex  hand,  eye  and  ear  tests,  thoufih  slowly  executed,  were  carried 
out  with  two  mistakes  only. 

But  there  was  no  doubt  tliat  he  occasionally  failed  to  comprehend  exactly 
wliat  he  was  told  to  do  in  the  course  of  general  conversation.  An  order  given 
in  the  form  of  a  single  word  or  sliort  phrase  led  to  a  prompt  response.  But  his 
father,  who  was  a  builder,  said  that  it  was  impossible  to  employ  him,  because 
of  bis  unexpected  lapses  of  memory  ;  thus,  told  to  fetch  a  ladder,  he  would 
bring  a  short  plank,  although  he  seemed  at  first  to  appreciate  the  nature  of  the 
order.  On  testing  him  carefully  tliis  seemed  to  dejiend  on  want  of  power  to 
reproduce  exactly  a  phrase  or  sentence  he  had  heard  ;  so  long  as  tlie  order  was 
comprised  in  a  single  word,  it  was  performed  without  hesitation. 

Bcadiiig. — He  had  no  difficulty  in  reading  single  words  or  the  various  com- 
binations of  the  man,  cat  and  dog  tests.  But  he  failed  badly  when  made  to 
read  aloud  a  paragraph  from  the  newspaper  {vide  infra).  He  said,  "  It's  all  right 
these  small  words  :  thick  ons  can't  understand  'em." 

He  chose  a  common  object  or  colour  and  set  the  clock  correctly  to  printed 
commands  :  single  words,  or  small  verbal  groups,  seemed  to  give  him  no  trouble. 
But  he  carried  out  the  hand,  eye  and  ear  tests  slowly  and  inaccurately. 

WiitiiKj. — His  signature  was  written  perfectly  and  he  no  longer  had  any 
difficulty  with  the  name  and  address  of  his  mother.  Single  words  used  as 
names  were  badly  spelt  and  his  handwriting  was  poor.  Simple  phrases,  such 
as  those  of  the  man,  cat  and  dog  test,  when  dictated,  were  extremely  well 
written,  though  he  failed  badly  in  his  attempts  to  reproduce  a  series  of  descrip- 
tive sentences  in  writing  (vide  infra). 

Ninnbers,  dc. — He  could  count  perfectly  and  solved  correctly  the  six  simple 
arithmetical  problems  usually  set.  He  had  no  difficulty  with  money  or  with 
the  names  and  relative  value  of  coins. 

Draxcinn  and  pictures. — Told  to  draw  an  elephant  he  produced  an  inadequate 
figure  without  a  trunk  or  tusks. 

I  then  asked  him  to  point  to  the  various  parts  of  the  beast  and  he  said  : 
"  Zisis  ear"  (this  is  his  ear);  "Head"  "  Nose"  (Trunk),  "Legs,"  "Tail," 
"  Body,"  ''  Eye,"  "  Mouth."  I  said  "  Have  you  left  out  anything  '?  "  A. 
"  No."     Q.  "  From  his  mouth  ?  "     A.  "  Bonezinks  "  (Bone  things.) 

General  understanding  of  words  and  x>ictttres. — To  test  his  power  of  speech 
reading,  writing,  together  with  the  understanding  of  words  and  pictures,  he  was 
shown  a  photograph  of  a  railway  station  during  the  war,  where  a  collecting  box 
had  been  placed  for  flowers  to  be  sent  to  the  wounded.  Beneath  was  printed  the 
following  description.  "This  box  has  been  placed  on  the  platform  at  Snaresbrook 
station  as  a  receptacle  for  flowers  for  the  wounded.  Many  of  the  passengers 
contribute  nosegays  daily  from  their  gardens  and  these  are  sent  to  the  Bethnal 
Green  Infirmary."  This  he  read  silently  and,  on  attempting  to  describe  in  writing 
what  he  had  read,  got  no  further  than  "  Fres  flours  for  wooded  solders  for 
sail."  The  passage  was  dictated  to  him  and  he  wrote  :  "  This  box  has  been  on 
the  platform  at  s  slaton  at  for  for  the  wooded  many  of  the  pas  .  .  c  .  .  no  get 
dail  for  ther  and  to  the  .  .  infom."     He  then  read  the  legend  aloud  as  follows, 
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"  This  box  has  placed  on  the  .  .  platform  at  .  .  can't  name  either  .  .  station 
.  .  at  a  .  .  no  sir  .  .  for  flowers  for  the  wounded.  Any  of  the  .  .  passengers, 
can't  stand  (understand)  that  letter  .  .  nosegay  .  .  daily  .  .  for  the  gardens 
.  .  and  these  are  sent  .  .  to  the  Befnal  Green  .  .  Infirm."  I  then  asked  him 
to  show  me  the  different  objects  in  the  picture  and  he  pointed  them  out  saying, 
"Two  ladies  "  "  buying  flowers,"  "flowers  for  wounded  soldiers,"  "box  "  "at 
Bethnal  Green  "  ;  then  reading  the  words  on  the  box  "  Firmry."  He  evidently 
had  not  comprehended  exactly  what  he  had  read,  and  was  misled  by  his  first 
statement  that  the  flowers  were  "  for  sail  "  ;  for  pointing  to  the  station  master 
he  said,  "  He's  selling  'em.'  Then  he  was  told  to  copy  the  description  and 
did  so  perfectly ;  but  asked  to  narrate  what  he  had  just  written  he  said, 
"  Flowers  for  sale  :  selling  at  stations.  At  Bethnal  Green,  at  Bethnal  Green 
station." 

Serial    Tests. 
(l)  Naming  and  recognition  of  common  objects  : — 


Table   Y. 


Pointing 

to  object 

shown 

Oral 
commands 

Printed 
commands 

Namiiif;  an 
object  indicated 

Writing  name  of 
object  indicated 

Duplicate 

placed  in  hand 

out  of  sight 

Knife 

Correct 

Correct 

Correct 

knife 

knif 

Correct 

Key 
Penny 
Matches  . . 

kay 

penny 

matches 

key 
Pennie 
match 

" 

Scissors   . . 

scissors 

cissis 

J, 

Pencil 
Key 

pencil 

key 

pencle 
key 

" 

Scissors   . . 

scissors 

cissis 

J  J 

Matches  . . 

masses 

match 

Knife 

knife 

knif 

,1 

Penny 
^Matches  . . 

penny 
matches 

pennie 
match 

" 

Scissors   . . 

,. 

scissors 

sissor 

J) 

Pencil 

pencil 

pencle 

Penny 
Knife        . . 

penny 
knife 

pennie 
knif 

" 

Key 
Pencil 

Very  quick 

key 
pencil 

key 
pencle 

Very  quick 

Oral  and  printed  commands  were  carried  out  perfectly,  and  he  named  the 
various  objects  on  the  table  before  him  correctly,  apart  from  slight  errors  of 
pronunciation.  This  verbal  deformation,  with  perfect  nomenclature,  was  still 
more  evident  when  he  attempted  to  write  the  name  of  an  object  shown  him. 
(2)  Naming  and  recognition  of  colours.  (See  Table  VI.)  : — 
Oral  and  printed  commands  were  accurately  executed,  and  most  of  the 
names  given  to  the  colours  were  rightly  pronounced.  But  if  he  attempted  to 
write  them  down  the  words  were  deformed,  although   the  nomenclature  was 
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ohviously  correct.     Even  when   lie  was   allowed  to   say  the  names  aloud,  he 
wrote  theiu  equally  hadly. 

Table  VI. 


Naming  colour  shown  and 

Pointing 
to 

Oral 
com- 
mands 

PriuttHl 
com- 
mands 

Naming 
colour  shown 

Writing  down 

name  <.f 
colour  shown 

writinR  down  the  name 

colour 

He  said  : 

He  wrote : 

1 
Black     . .  ;  Correct 

Correct 

Correct 

Correct 

Correct 

Correctly 

Correctly 

lied 

,, 

,, 

>> 

,, 

Blue       . 

BC-lue 

,, 

,, 

<lreen     . 

Correct 

gren 

,, 

gren 

Orange  . 

,, 

>» 

orgen 

,, 

orgen 

White    . 

whit 

., 

what 

Violet     . 

Vilet 

viren 

Vilet         1        vorat 

Yellow   . 

Yeller 

dewor 

Yeller 

yerow 

Red 

Correct 

Correct 

Correctly 

Correctly 

White    . 

,. 

whit 

, , 

what 

Yellow   . 

Yeller 

lemon 

Yeller 

yerow 

Blue       . 

Correct 

Correct 

Correctly 

Correctly 

Green     . 

,, 

gren 

i> 

gren 

Black     . 

,, 

blak 

»> 

blak 

Orange  . 

,, 

orgen 

,, 

orgon 

Violet     . 

Vilet 

viron 

vilet 

vorat 

(3)   The  man,  cat  and  dog  tests 


Table   VII. 


The 
The 
The 
The 
The 
The 
The 
The 
The 
The 
The 
The 


dog  and  the  cat 
nan  and  the  dog 
cat  and  the  man 
cat  and  the  dog 
dog  and  the  man 
man  and  the  cat 
dog  and  the  man 
cat  and  the  man 
dog  and  the  cat 
man  and  the  dog 
cat  and  the  dog 
man  and  the  cat 


Reading 
aloud 


Reading  from 

pictures 


Correct 


i       Cat  Dog 
]Man  Dog 

j   Man  and  cat 
Dog  and  cat 

I  Man  and  dog 

'  Man  and  cat 
Man  and  dog 
Man  and  cat 
Dog  and  cat 
Man  and  dog 
Cat  and  dog 
Man  and  cat 


Writiu''  from  dictation 


The 
The 
The 
The 
The 
The 
The 
The 
The 
The 
The 
The 


dog  and  the  cat  . 
man  and  th  dog. 
cat  and  the  man 
cat  and  th  dog  . 
dog  and  the  man 
man  and  th  cat  . 
man  and  th  dog. 
cat  and  the  mam 
dog  and  th  cat  . 
man  and  the  dog 
cat  and  the  dog. 
man  and  th  cat  . 


Writing  from 
pictures 


dog  and  cat 
man  and  dog 
man  and  cat 
dog  and  cat 
man  and  dog 
man  and  cat 
man  and  dog 
man  and  cat 
dog  and  cat 
man  and  dog 
cat  and  dog 
man  and  cat 


Repeti- 
tion 


Correct 


Reading 
what  ha 

had 
written 


Correct 


These  simple  phrases  were  read  aloud  and  repeated  after  me  correcth . 
But  as  soon  as  he  was  asked  to  read  or  •write  from  pictures,  a  curious  tendency 
to  reverse  the  order  of  the  two  nouns  became  apparent.  Thus  shown  two 
pictures,  a  cat  to  the  left  and  a  man  to  the  right,  be  both  said  and  wrote 
"  man  and  cat."  Yet  this  was  not  universal,  for  on  the  next  occasion  the 
same  combination  was  given  correctly.  Eeversals  of  this  kind  also  occurred 
when  the  phrases  were  written  to  my  dictation  ;  it  seemed  as  if  he  found 
difficulty  in  repeating  the  words  to  himself  in  the  correct  order. 
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Clock  spit 

Clock  set 

Writing  down 

Direct 

to  oral 

10  printed 

Telling  the  time 

the  time  shown 

imitation 

commands 

commands 

on  the  clock 

5  minutes  to  2     . . 

Perfect 

Correct 

Correct 

Five  to   two 

five  to  2 

Half  past  1 

1 

,, 

Half  past  one 

half  past  2 

5  minutes  to  8 

,, 

Five  to  eiglit 

five  to  8 

20  minutes  to  4    . . 

,, 

Twenty  to  four 

20  to  foi- 

10  minutes  past  7 

,, 

Ten  past  seven 

Ten  past  7 

•20  minutes  to  6   . . 

,, 

Twenty   to   six 

20  to  six 

A  quarter  past  12 

>> 

Quarter  past  twelve 

1/4  past  12 

10  minutes  to  1   . . 

Ton    to   one 

Ten  to  one 

A  quarter  to  9 

,, 

Quarter  to  nine 

'/.,  to  9 

Half  past  2 

,, 

Half  past  two 

half  past  2 

20  minutes  past  11 

>.         '           )) 

,, 

Twenty  past  'leven 

20  past  11 

25  minutes  to  8   . . 

1 

" 

Five  and  twenty  to 
eight 

25  to  8 

A  quarter  past  C>  . . 

J, 

Quarter  past  six 

half  past  6 

25  minutes  to  3   . . 

)) 

,, 

Five  and  twenty  three 

25  to  3 

10  minutes  past  4 

: 

" 

Ten  past  four 

10  past  4 

He  set  the  clock  to  oral  and  printed  commands  and  told  the  time  correctly- 
When  he  attempted  to  write  down  the  time  shown  on  a  clock  set  hy  me,  th® 
words  were  deformed,  but  the  nomenclature  was  accurate. 

(5)  Hand,  eye  and  ear  tests.      (See  Table  IX.) : — 

He  imitated  my  movements,  sitting  face  to  face,  and  carried  out  pictorial 
commands  without  mistakes  of  any  kind  ;  but  he  was  much  quicker  and  more 
certain  when  either  of  these  orders  was  reflected  in  a  mirror.  Both  oral  and 
printed  commands  were  executed  slowly  and  imperfectly.  He  made  several 
mistakes  in  writing  down  the  nature  of  movements  made  hy  me,  although  he 
could  imitate  them  without  fail. 

Condition  in  December,  1922,  seven  years  and  ten  months  after  he  ivas  tvounded. 
He  was  in  excellent  general  physical  health.  But  the  hallucinations  which 
lie  described  as  "  Nasty  smell  in  mouth  ;  make  you  sick  like  "  had  recurred 
about  every  fortnight.  In  April,  1921,  they  were  followed  by  a  definite 
epileptiform  attack  in  which  he  became  unconscious  ;  further  similar  seizures 
occurred  in  August  and  November,  1921,  and  in  October,  1922.  The  last  of 
these  was  seen  from  start  to  finisli  by  his  parents.  He  was  sitting  on  the  sofa, 
when  he  lost  consciousness  and  fell  back  struggling  ;  he  did  not  wet  himself  or 
bite  his  tongue,  but  the  attack  was  accompanied  by  characteristic  chewing 
movements.  He  complained  that  each  seizure  was  preceded  by  the  "  nasty 
smell  '■  and,  when  I  inquired  whether  he  had  been  troubled  by  vomiting,  he 
replied,  "  Dirty,  like  be  sick,  makes  me  like  sick  and  I  can't ;  comes  out  of  my 
mouth  and  nasty  smell  of  it."  Q. :  "  What  comes  out  of  your  mouth  ?  "  A.  : 
"  Nasty  smell.  Try  to  be  sick  and  can't.  It  might  be  two  weeks,  perhaps 
three  weeks,  might  get  'em  two,  three  days.  The  strength  of  my  leg  goes  out 
of  my  leg  when  I'm  like  that." 


472 


ORIGINAL    ARTICLES    AND    CLINICAL    CASES 


>^ 

0 

w 

%i   *~    Ii 

^ 

0 

t-%^ 

• 

Ji^ 

«:> 

l-i  ^^ 

P^  *a 

^d:^^ 

0 

0 

_    0 

_  0 

^  z  *> 

V 

_  0    CJ      . 

0    <u 

0  c  _o  a. 

•5  c  ° 

0 

" 

-^  0 

-^  0 

- 

- 

" 

' 

ra  TS  "^  0 

Z  E  £ 

0 

g^ 

io 

§  2  §^ 

•?>•-* 

J= 

J= 

-=i:^ 

0 

B 

^4 

h4 

"^'ei"^ 

>J 

^• 

5 
0 
7e 

+3  _ 

0 

_^ 

0 

^ 

0  "o 

^ 

?£ 

■*^ 

0 

oJ 

0 

-tf    5J 

0 

is 
§1 

a 

eg 

0 

-   •    •  c 
ee 

Si 
0 

' 

- 

c  0 

e«   U 

0) 
Li 

0 

r   :   r   ; 

u  a 

s  ^ 

M 

0 

^ 

0 

J3   .. 

Q 

,  >i 

ac   — 

IS 

hj 

l-H 

tf  s 

<«    X 

fii 

ki 

S  i 

,43 

c 

0 

.*j 

0    jB 

.43 

0 

>^  " 

0 

-3 

'5 

0 

u 

;: 

:   ;   -TS 

0) 

. 

- 

T3    a 

0 

r   :   :   r 

b 

"   "   '  c 

C      - 

i-i 

^ 

0 

C 

fci 

0 

e3    ^ 

0 

" 

U 

d 

0 

0 

P5 

0 

"IT 

_^ 

E 

^ 

Q 

0 

1-^ 

0 

0 

c 

p 

(U 

p 

0 

t^ 

;  *^ 

•a  ^ 

;-> 

0 

u      z     '     z 

a.  5 
0 

v4 

0 
0 

^' 

0 

.  .  ,  . 

.    . 

c 

5 

'Si 

0 

0 

0 

c 

0 
U 

c 

0 

5:"    ,    ^    . 
0    -    -    - 

Eo 

' 

i4 

02 

d 

53 

_^ 

_^ 

^ 

_r 

0 

0 

0 

1. 

0 

u 

:m      •«     *     -^ 

e  1 

0 

5 

e 

0 
0 

5 

5 

fcj      •■     ^     - 

0 

0 

c 

gT 

— 

h^i 

»r 

^Xi 

d 

>* 

0 

0 

J 

b 
a: 

^ 

_o     *    "    - 

i  .  c^-g    ^ 

0 

HE1-S«i 

<u 

- 

-    ;   ;   : 

r   : 

; 

; 

:    ; 

:   :  :   : 

■«  C  cs   "  =  .S 

b 

0  0  g  C  —   E 

0 

^ 

"a         r. 

0 

'u    -T 

0 

*     -     ^     -. 

-   ^ 

^ 

„ 

,    ^ 

-         ^         -         -s 

^  E  3 

^ 

_  0  - 

■^ 

.^    "    — 

0 

- 

0 

_  ,      _ 

^ 

-  ?  X  i  ^  i: 

0 

3  ^  _  -3  C8  c 

0 

^ 

•.         *         ••         ai. 

- 

, 

^ 

„ 

,*..-. 

If  II"e 

S 

C     .          >         u 

^ 

.£  5  ji  .a'     ? 

0 

0 

, 

^     ^      ^      ^ 

^ 

, 

^ 

^ 

*■     >      -     - 

-2  c  S^^—  1 

Vt 

^ 

- 

-    -    '    " 

-  - 

' 

'    ~ 

'    ■     '    ' 

~  t_  c  2      ^ 

0 

=  =      =      c 

0 

a> 

^ 

OD    Q}    ^    0 

b    ^ 

9 

b 

9  9 

ti  a)  »-  i- 

>i 

c8 

>^>.ee  >> 

eS    e3 

eS 

rt  ;*=  «^  d 

<o 

Cj 

£)    S    <U     0 

0    0 

0 

0 

0'  0' 

0   0   <u   0 

v4 

P5 

y^  tf  ^'  2^' 

fiiJ 

^' 

:i 

^d 

^:i  Pi'  =:'  ^ 

0 

0 

0000 

0   C 

0 

C 

S  "^ 

0000 

■*j 

'2 

rc  "TS  "TS  'C'O 

'O  ^3 

rr; 

'n  -cts 

Ts  t;  -c  -o 

S 

tS 

sS   ee    cS   rt 

eS    K 

ee 

eS 

ri    c5 

?  S  *  5 

^ 

—  J  j:-n 

-=  J= 

-= 

rS  JZ 

tf 

2i 

— "  —  k-i  cd 

►isi 

uZ 

^ 

/~»'     -■ 

^  d  ui  d 

SPEECH    AND    CEREBRAL    LOCALIZATION  473 

He  had  suffered  occasionally  from  pains  in  the  head,  and  he  pointed  to  tlie 
left  half  of  the  forehead  and  around  the  left  eye.  It  was  extremely  difficult  to 
discover  their  cliaracter,  except  that  they  made  his  head  "  thick  "  ;  he  said, 
"  Get  out,  lay  down,  go  to  sleep,  sometimes  goes  away.  If  sit  in  kitchen, 
moving  about  working  makes  me  getting  worse  on  it." 

Vision  in  the  right  eye  was  f ,  but  there  was  no  doubt  that  it  was  lost  in 
the  upper  outer  quadrant  of  the  field.  This  scotoma  had  no  definite  boun- 
daries, mei-ging  into  parts  where  vision  was  defective.  Disc  and  fundus  were 
not  abnormal. 

Hearing  was  defective  ;  a  watch  could  be  heard  at  a  distance  of  5  ft.  on 
the  right  side,  wliilst  in  the  left  ear  it  was  not  even  appreciated  on  contact. 
He  said  he  heard  a  tuning  fork,  placed  in  the  centre  of  the  forehead,  on  the 
right  side  only  ;  but  over  the  left  mastoid  it  was  certainly  audible,  although  tlie 
duration  was  shortened  in  comparison  with  the  right. 

Smell  was  grossly  defective  in  both  nostrils  and  he  did  not  even  react  to 
ammonia. 

Taste  was  good  when  the  tongue  was  withdrawn  into  the  mouth,  but  not 
when  it  was  extended.     This  is  not  abnormal  in  an  habitual  smoker. 

The  pupil  reacted  well,  there  was  no  ocular  paralysis,  and  face  and  tongue 
moved  equally  well  on  the  tw^o  sides.  The  reflexes  were  normal,  including  the 
plantars  and  abdominals.  There  was  no  paresis,  inco-ordination,  tremor, 
change  in  tone,  or  any  other  motor  affection.  Sensation  was  perfect ;  appre- 
ciation of  posture  and  passive  movement,  discrimination  of  two  points,  locali- 
zation, recognition  of  differences  in  intensity,  size,  shape  and  weight,  were 
equally  perfect  on  the  two  sides. 

Symbolic  Formulation  and  Expresuon. 

He  was  not  in  any  way  mentally  defective  ;  but  a  long  course  of  idleness 
and  inability  to  work  had  rendered  him  intellectually  lazy.  He  lived  on  his 
pension  in  two  rooms  with  his  wife  and  child  ;  she  apparently  talked  to  him 
very  little  and  took  no  interest  in  his  difficulties  of  speech.  He  never  read  a 
book  or  a  newspaper. 

Though  he  was  still  a  willing  witness  and  anxious  to  be  examined,  he  was 
much  more  taciturn  and  less  easily  roused  to  say  what  he  felt.  He  obviously 
recognized  his  disability  in  speaking  and  had  grown  used  to  remaining  silent ; 
but  during  our  talks  he  became  perceptibly  brighter  and  more  lively. 

Articulated  speech. — His  speech  was  difficult  to  understand  witliout  the 
most  careful  attention.  He  was  liable  to  begin  with  some  odd  sound  and 
frequently  passed  on  without  attempting  to  pronounce  the  word  correctly  ;  he 
probably  failed  to  recognize  that  it  was  incomprehensible  to  his  auditor.  I 
have  given  above  several  examples  of  this  jargon,  and  his  condition  so  closely 
resembled  wliat  it  was  during  his  first  stay  in  the  London  Hospital  that 
I  formed  the  opinion  he  was  degenerating  in  consequence  of  the  epileptiform 
attacks. 

He  repeated  certain  sentences  after  me  as  follows  :  I  have  suffered  from 
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some  headache  lately  became  "  I  have  sufl'ered  from  headaclie  "  ;  On  Saturday 
I  had  an  attack,  "  On  Sat-day  I  had  attack  "  ;  I  find  it  difficult  to  speak,  "  I 
find  it  diflf-cut  to  speak  ...  I  find  to  speak."'  I  then  asked  him  to  say  them 
over  once  again  all  together  and  he  replied,  "  I  iiad  headache  on  Saturday  .  .  . 
I  can't  zinc  of  thother  "  (the  other).  It  was  not  so  much  the  act  of  repetition 
which  was  at  fault,  but  the  power  of  retaining  a  phrase  accurately  in  his 
memory  sufficiently  long  to  reproduce  it. 

Understanding  of  sj)okcn  ironh. — He  certainly  luiderstood  what  was  said  to 
him  and  could  carry  out  oral  commands,  altliough  he  was  a  little  uncertain 
with  the  complex  hand,  eye  and  ear  tests.  But  there  was  no  doubt  that  he 
occasionally  failed  to  follow  something  said  by  me  in  the  course  of  general 
conversation  in  answer  to  one  of  his  remarks,  and  his  father  still  found  it 
impossible  to  employ  him  for  this  reason. 

Iteadhuj. — He  chose  a  common  object  of  colour  and  set  the  clock  correctly 
to  printed  commands,  but  had  more  difficulty  with  the  hand,  eye  and  ear 
tests. 

He  could  read  aloud  the  simple  phrases  of  the  man,  cat  and  dog  test,  but 
had  profound  difficulty  with  a  consecutive  paragraph  {vide  infra)  ;  his  jargon 
became  particularly  evident,  when  he  attempted  to  read  aloud,  and  this  led  to 
great  want  of  comprehension  of  the  meaning  of  printed  matter. 

Writing. — He  wrote  his  name  and  address  together  with  that  of  his  wife 
fairly  well,  although  Emma  was  written  "  Emme "  and  Colchester  Avenue 
shortened  to  "  Colchester  Ave." 

The  following  letter  written  spontaneously  to  me  was  certainly  worse  than 
his  previous  efi'orts  : — 

"  Dr.  Head 

just  a  line  to  you  know  I  an  allrigt  as  you  ore  the  same.     I  for  now 
Frank." 

(This  was  evidently  intended  to  be  "  Just  a  line  to  let  you  know  that  I  am 
all  right  as  I  hope  you  are  the  same.     I  am  for  the  present  yours,  Frank.") 

He  wrote  badly  to  dictation  but  copied  a  long  paragraph  without  a  single 
mistake. 

Printed  ixiraqraph  read  silenthj  or  aloud,  icritten  and  narrated. — I  some- 
what modified  the  procedure  adopted  in  1920,  in  order  to  make  this  test  more 
specific.  I  gave  him  the  following  printed  legend  without  its  accompanying 
picture.  "  During  the  War  a  box  was  placed  on  the  platform  at  Snaresbrook 
Station  as  a  receptacle  for  flowers  for  the  wounded.  Many  of  the  passengers 
brought  nosegays  daily  from  their  gardens  and  these  were  sent  to  the  Bethnal 
Gi'een  Infirmary."  This  he  read  silently  and  could  tell  me  only,  "  During  the 
War  .  .  .  there  was  some  flo-wens  at  Station  .  .  .  Horspedl,  I  think  .  .  . 
some  green  .  .  .  No,  can't  zinc  no  more.  ' 

He  read  it  through  again  to  himself  and  wi'ote,  "  Do  the  war  ther  was 
fowers  for  the  hoseple  at  the  at  the  Gren." 

He  took  the  paper  into  his  hand  again  and  read  aloud  :  "  Durin  the  war 
...  a  box  .    .    .  was   placed  on   .    .    .on  the  plaf-orm  .    .    .  at  .    .    .  can't 
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memh'  it  .  .  .  station  .  .  .  as  a  .  .  .no  sir,  can't  get  it  .  .  .  for  flowers 
.  .  .  for  the  .  .  .  woun-ed  .  .  .  many  of  the  .  .  .  passengers  .  .  .  brought 
.  .  .  no-gays  .  .  .daily  .  .  .  from  the  gardens  .  .  .  and  those  were 
sent  ...   to  the  .  .  .  Betnel  Green  •    .  .  In-fir-mary." 

I  then  said,  "  Tell  we  what  you  have  understood?''  He  replied,  "  Some 
flowers  for  the  wounded  ...  in  the  Hospedl  .  -  .  the  Hospital  .  .  •  No, 
sir." 

To  my  dictation  he  wrote,  "  Doing  the  war  a  l)ox  was  Place  on  the  plapfon 
at  slaion  as  a  resel  for  flers  for  the  wooded.  Many  of  the  stition  brout  nos- 
gays  daily  from  thir  garnen  Ihes  (these)  wer  sent  to  the  Belnol  Gren  Infemer." 
But,  when  asked  to  copy  this  paragraph  in  cursive  handwriting,  he  carried 
out  the  task  perfectly  without  a  single  mistake- 
Asked,  however,  what  he  had  understood  he  could  only  reply,  "  Got  to  the 
stashn  .  •  .  for  some  flowers  .  .  .  for  the  wounded  Horpedls  ...  at  Burnel 
Green  .    •     .    ain't  it  .    .    .  Bur-nal  Green." 

Numbers  and  arithmetic. — -He  counted  slowly  and  deliberately  up  to  30, 
and  I  noticed  no  defects  of  pronunciation  until  he  came  to  "  thirty-tree  "  (thirty- 
three).  He  continued  correctly  up  to  39,  but,  instead  of  saying  "  forty,"  began 
the  thirties  over  again,  reaching  44  without  a  mistake.  From  this  point  he 
became  uncertain,  saying,  for  instance,  "  62,  64,  66,  57,  58,  59,  60  ";  he  was 
perpetually  thrown  out  of  his  stride  and  tempted  thereby  into  some  false 
sequence.     At  70  he  broke  down  altogether,  saying  "  No,  I  can't  think  more." 


Addition. 

216 

288 

385 

324 

424 
6312 
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429 

91113 

Subtraction. 

234 

281 

512 

123 

168 

389 

111  . .  124  . .  3     Then  gave  up.        ' 

Coins  and  their  relative  value. — All  the  coins  were  named  correctly  and 
their  relative  value  'was  given  without  fail,  though  rather  slowly.  When 
shopping  he  had  no  difficulty  with  change,  as  far  as  I  could  gather  from  his 
relatives. 

Draioing- — He  drew  a  good  picture  of  a  spirit-lamp  ])oth  from  the  model 
and  subsequently  from  memory.  Asked  if  he  could  "  see  the  lamp,"  when 
drawing  from  memory  he  replied,  "  See  whole  lamp  and  glass  .  .  .  and  glass 
.  .  .bit  of  string  to  light  it  "  (the  wick).  But  he  drew  an  extremely  poor 
representation  of  an  elephant  without  trunk  or  tusks. 

His  ground-plan  of  the  room  in  which  we  worked  was  on  the  other  hand 
accurate  in  every  particular. 

Serial  Tests. 

It  is  interesting  to  notice  how  exactly  these  observations  bore  out  the 
results  obtained  more  than  two  years  earlier,  a  testimony  to  the  trustworthiness 
of  the  metliods  employed. 
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(1)  Naming  and  Recoqnition  of  Common  Ohjects 

Taiu.f-    X. 
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All  these  tests  were  carried  out  perfectly  except  when  he  attempted  to  write 
the  name  of  an  object  indicated  ;  then  his  spelling  became  worse  than  might 
have  been  expected  from  the  state  of  his  education  and  the  words  were 
curiously  malformed. 

(2)  Naminq  and  recognition  of  colours  : — 

Table  XI. 
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His  choice  to  oral  and  printed  commands  was  excellent,  but  his  pronuncia- 
tion of  the  names  was  not  perfect  and,  on  attempting  to  write  them  down,  the 
words  were  badly  formed.  Throughout,  the  more  abstract  colours  gave  him 
greater  diflSculty  than  the  concrete  names  of  common  objects. 

(3)   The  man,  cat  and  dog  tests  •' — 
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He  read  aloud  and  copied  these  simple  phrases  perfectly  and  made  no 
definite  mistakes  in  repeating  the  words  after  me.  But,  with  every  other  form  of 
this  test,  he  showed  the  same  extraordinary  tendency  to  alter  the  sequence  of 
the  two  nouns,  which  was  so  apparent  in  previous  observations.  On  reading 
from  pictui-es  he  frequently  went  from  right  to  left  instead  of  in  the  usual 
direction,  and  this  reversal  occurred,  even  when  he  wrote  the  words  to  my 
dictation.  Similar  mistakes  in  writing  occurred  after  he  had  read  each  phrase 
aloud  :  for,  although  he  said  exactly  what  was  put  before  him  in  print,  he  made 
many  errors  in  the  sequence  of  the  words  be  wrote. 

(4)  The  clock  tests  .— 


Tablk  XIJI. 

Printed  com- 

Direct 

mand.s  (both 

Writing  down  the 

imita- 

Telling the  time 

Oral 

ordinary 

time  sliown  on 

tion 

commands 

nomenclature 
and 

a  clock 

railway  time) 

5  minutes  to  2     . . 

Correct 

Five  to  two 

Correct 

Correct 

Five  to  to 

Half  past  1 

,, 

Half  past  one 

half  pas  one 

5  minutes  past  8  . . 

Fi  pas  eight 

Five  pasEigt 

'20  minutes  to  4    . . 

Twenty  to  four    . . 

temy  to  fur 

10  minutes  past  7 

Ten  past  seven    . . 

Ten  pas  sevn 

20  minutes  to  0    . . 

Twenty  to  six     . . 

temy  to  sex 

10  minutes  to  1    . . 

Ten  to  one 

Ten  to  One 

A  quarter  to  9 

Quar  to  nine 

45  to  nie 

20  minutes  past  11 

Twenty  pas  leven 

Temy  past  11 

25  minutes  to  3   . . 

Twenty  five  to  tliref 

35  to  tre 

He  set  a  clock  to  oral  and  printed  commands  and  told  the  time  correctly  : 
his  only  faults  were  those  of  ])ronunciation.  When  he  attempted  to  write 
down  the  time,  his  spelling  was  remarkably  bad  and  he  tended  to  adopt  an 
abnormal  nomenclature,  such  as  "  45  to  9  "  instead  of  "  a  quarter  to  nine." 

(5)  The  hand,  eye  and  ear  test.     (See  Table  XIV.)  : — 

He  imitated  my  movements  slowly,  when  we  sat  face  to  face,  and  made 
a  few  mistakes  in  executing  pictorial  commands  ;  but  he  was  extremely  quick 
and  accurate  if  either  form  of  order  was  reflected  in  a  mirror.  He  wrote  down 
imperfectly  movements  made  by  me,  sometimes  reversing  the  order  of  hand  and 
eye  or  ear.  Oral  and  printed  commands  were  also  carried  out  somewhat  slowly 
and  in  these  tests  he  made  several  errors. 

§  4. — A  Case  of  Nominal  Aphasia  due  to  Gunshot  Injury  of  the  left  Angular 
Gyrus.     Nearly  five  years  later,  in  spite  of  profound  recovery  a  o 
speak,  to  read  and  to  tvrite,  the  character  of  the  defects  in  symholi  c  formu  - 
lation  and  expression  loas  essentially  unchamjed. 

No.  7.— Gunner  Aloysius  McN.,  aged  22,  was  wounded  in  the  head  by  a  frag- 
ment of  a  high-explosive  shell,  on  October  15,  1917.  He  was  admitted  on  the 
same  day  to  the  3th  Australian  Casualty  Clearing  Station,  where  an  operation 
was  performed  and  the  following  notes  made.    "  Shell  wound  of  the  left  parietal 
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hone.  Large  comjiound  depressed  fracture.  Laceration  of  the  dura.  Protru- 
sion of  brain  substance.  Loose  bits  of  bone  were  removed  including  the 
margins  of  the  fracture,  but  no  foreign  body." 

On  October  18  he  was  admitted  to  No.  12'  General  Hospital,  where  he 
remained  until  November  23.     The  field  card  bore  the  following  record  of  this 

period  : — 

•  "October  29.     Wound   in  the  parietal  region  discharging  pus    profusely. 

Speech  impaired. 

"  October  30.  Disc  edges  are  both  less  sharply  outlined  than  at  the  previous 
examination,  but  no  definite  choking  can  be  made  out.  Patient  is  more 
stuporous  this  morning  and  headache  more  pronounced  and  more  sharply 
localized. 

"  November  1.  Small  operation  to  increase  drainage.  Anterior  margin  of 
the  wound  incised.  Free  discharge  of  pus  began  this  morning.  Almost 
complete  recovery  of  use  in  the  right  arm.     Speech  also  returned. 

"  November  3.  Wound  draining  well.  Speech  improving.  Talks  a  good 
deal :  still  unable  to  say  certain  words.  Movements  of  the  right  arm  good,  but 
thei'e  is  still  some  weakness. 

"  November  9.  Draining  freely  through  three  rubber  tubes.  Speech 
gradually  improving. 

"November  21.  Discharge  considerably  abated.  Speech  fairly  good.  No 
complications." 

Throughout  his  stay  in  this  hospital  the  temperature  did  not  rise  above 
normal  limits. 

He  was  admitted  to  the  London  Hospital  under  my  care  on  November  24, 
1917,  with  a  superficial  granulating  stellate  w^ound  in  the  left  parietal  region, 
which  pulsated  heavily.  The  anterior  limit  was  level  with  a  point  19'5  cm., 
along  the  nasion-inion  line  ;  posteriorly  the  wound  extended  further  backwards 
for  7'5  cm.  In  front  it  was  7  cm.,  behind  9  cm.,  from  the  middle  of  the  scalp. 
The  total  nasion-inion  measurement  was  34  cm.,  and  this  was  transected  by 
the  interaural  line  at  a  point  14  cm.  from  the  root  of  the  nose.  (Of.  figs.  4  and 
o,  pp.  406  and  407.) 

An  X-ray  photograph  showed  an  area  of  removal  of  bone  in  the  anterior 
parietal  region  measuring  4  cm.  by  2  cm.  at  its  broadest  part,  with  a  fissured 
fracture  running  directly  forwards. 

Pure  cultures  of  staphylococcus  only  were  obtained  from  the  wound. 
It  was  firmly  healed  by  December  10,  1917. 

On  admission  he  was  so  grossly  aphasic  that  it  was  impossible  to  obtain 
from  him  any  information  with  regard  to  his  injury  or  subsequent  events. 
The  words  he  uttered  were  comprehensible,  but  he  could  not  find  the  means 
to  express  himself  in  speech  or  writing.  Throughout,  the  character  of  his 
disabiUties  remained  the  same,  although  he  rapidly  regained  sufficient  facility 
in  utterance  to  make  more  extensive  observations  possible. 

He  had  not  been  the  victim  of  convulsions  or  seizures  of  any  kind,  and 
although  he  still  suffered  from  considerable  headache,  he  had  not  vomited 
since  October  20. 
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His  vision  was  f  and  tlie  optic  discs  and  fundi  were  in  every  way  normal. 
Hearing,  smell  and  taste  were   unaffected. 

The  pupils  reacted  well.  There  was  no  ocular  paralysis  or  nystagmus. 
Movements  of  the  face  and  tongue  were  normal. 

All  the  deep  reflexes  were  equal  on  the  two  sides,  the  abdominals  were 
brisk  and  the  plantars  gave  a  downward  response. 

There  was  no  paralysis  or  paresis  ;  tone  was  not  affected  and  the  move- 
ments oF  the  limbs  were  neither  inco-ordinate  nor  ataxic. 

At  this  stage  it  was  impossible  to  test  sensation  or  to  map  out  the  visual 
fields  ;  but  subsequent  examination  showed  that  they  were  normal  and  that 
sensibility,  even  to  measured  tests  for  recognition  of  passive  movement, 
discrimination  of  the  compass-points,  localization  of  the  spot  touched,  and 
appreciation  of  differences  in  form,  was  not  ati'ected. 

Condition  between  December  10,  1917,  and  February  11,  1918,  eight  to 
seventeen  tveeks  after  he  was  ^founded. 

He  was  a  well-lniilt  healthy  young  Scotchman,  who  bad  lived  all  his  life  in 
Yorkshire.  He  had  been  originally  employed  in  the  steel  works,  but,  finding 
he  possessed  a  powerful  baritone  voice,  he  had  taken  to  tlie  music  hall  stage, 
where  he  sang  sentimental  songs.  When  first  admitted,  he  was  puzzled  and 
frightened  by  his  lack  of  power  to  express  his  thoughts.  But  he  soon  settled 
down  and  became  a  contented  and  popular  patient,  most  helpful  in  the  daily 
life  of  the  ward. 

Sijinbolic  Formulation  and  Expression. 

Articulated  speech. — He  had  little  power  of  spontaneous  speech  ;  but  if  a 
question  was  put  to  him,  he  answered  intelligently,  so  far  as  the  paucity  of 
words  at  his  disposal  permitted.  For  instance,  asked  his  age,  he  replied, 
"Twenty     .     .     .     twenty     .     .     .     two." 

Q.     "  ^Yhat  did  you  do  before  enlisting?" 

A.     "I  was  in     .     .     .     Middle     .     .     .     Middle     .     .     .     boro     .     . 
stale     .     .     .     steel     .     .     .     yes,  steel     .     .     .     walk     .     .     .     work    .     .     . 
I    can't  bring  it  out."     I  suggested  "  steel-works  ?"  and    he  said    "  Yes,  yes 
.     that's  it." 

Q.     "  You  used  to  sing,  didn't  you  ?" 

A.     "  Yes     .     .     .     yes     .     .     .     when    I  was  young     .     .     .     about  ni 
about    twelve     .     .     .     when    I    was     about    twelve     .     .     .     but 
then  I  went  to  the  steel     ...     I  can't  get  it." 

Q.     "  Can  you  remember  any  of  the  songs  you  used  to  sing?" 

A.  "  I've  always  tried  ...  to  see  if  I  could  think  of  tlieni 
but  I've  never  been  able  to  think  of  any  of  them.  I  used  to  think  of  them 
before  I  went  over"  (waving  his  hand  to  show  that  he  meant  over 
the  top)  "  .  .  .  I  used  to  say  them  .  .  .  but  now  .  .  .  since " 
(putting  his  hand  to  his  wound)  "  .  .  .  since  that  ...  I  can't  even 
think." 
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Tluoughout  tliis  last  answer  intonation  and  expression  were  almost  normal 
and  his  j^estures  showed  that  he  had  l)een  vividly  excited  hy  my  question. 
When  in  douht  ho  moved  liis  lips  silently,  as  if  seeking  for  a  word  in  which  to 
express  himself.  If  he  could  find  the  phrase  he  required,  the  syntax  was 
perfect  and  the  syllables  were  touched  ofif  correctly. 

Asked  his  name  he  said  "  MacNally  "  correctly,  hut  could  not  precede  it 
hy  the  somewhat  difficult  '' Aloysius  "  ;  for  his  address  he  simply  repeated 
several  times  in  succession  "  Middle,  Middle-boro  "  (Middlesbrough). 

He  was  entirely  unable  to  say  tlie  months  or  days  of  the  week  spontaneously 
in  order. 

He  could  not  repeat  the  names  of  common  objects  or  colours  exactly, 
although  the  sounds  he  uttered  usually  bore  a  distinct  relation  to  the  words 
said  by  me.  Thus  for  scissors  he  said  "  Sis  '  or  '  Sit,  sitty,  sizz  "  :  knife 
l)ecame  "  Nike  '"  or  "  Niglit,  nie,  a  nie  "  ;  black  was  "  Blat,  berlat,  blad  "  and 
orange  "  Od-je,  od-inge,  orridge."  In  the  same  way  attempts  to  repeat  the 
months  after  me  produced  the  following  results : — 

January  :  "  Jan-jer-ley,  Jan,  Jan." 

February  :  "  Fenchurch,  Jan-jey,  Jan-jey.' 

March  :  "  Mart,  Mar,  Mar,  Marts.' 

April :  "  What  was  it  ?     Aper,  Aperl." 

May  :  "  Mage,  Made,  Mage." 

June;   "  Ju,  June.' 

July:  "  June.  June,  Jun-eye." 

August:  "  Orgeons,  Or-just." 

September  :  "  Eps-ten,  Ex-pent,  Ex-penst.'" 

October:  "Ex,  Ox,  Ox,  Ox-toe,  Ox-tove.  ' 

November  :  "  No-vendl,  New- vender." 

December:  "Ex.     What  was  it?     Ex-pend.     Ex-cembr." 

Wlien  he  attempted  to  repeat  the  simple  phrases  of  the  man,  cat  and  dog 
tests  he  succeeded  after  much  hesitation ;  once,  however,  he  made  the 
characteristic  mistake  of  responding  with  a  wrong  combination,  substituting 
"  the  cat  and  the  man  "  for  the  dog  and  the  cat. 

Comprehension  of  spoken  ivords. — He  showed  obvious  defects  in  compre- 
hending spoken  words  and  phx'ases  ;  choice  of  a  common  object  or  colour  was 
slow  and  he  frequently  gave  up  the  attempt  altogetlier.  He  set  the  clock  and 
carried  out  the  coin-bowl  test  badly  to  oral  commands.  He  made  many 
mistakes  in  executing  the  complex  choice  between  liand,  eye  and  ear,  although 
simpler  commands  of  a  similar  kind  were  carried  out,  v/ith  one  exception, 
coiTectly. 

Readinfj. — He  had  consideraVjle  difficulty  in  comprehending  the  significance 
of  single  words  put  before  him  in  print,  selecting  common  objects  or  colours 
slowly  and  with  obvious  effort ;  often  he  gave  up  all  attempt  to  make  a  choice. 
He  set  the  clock  badly  to  printed  commands  and  confused  "  past  "  and  '  to  " 
the  hour.  In  the  same  way  he  frequently  failed  after  several  attempts  to 
place   the  proper  coin  into  the  right    bowl.     Simple  orders,  such  as   "  Shut 
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your  eyes,"  "  Put  our  your  tongue,"  presented  to  him  in  print,  were  poorly 
executed  and  he  failed  grossly  to  perform  the  more  complex  choice  demanded 
by  the  hand,  eye  and  ear  tests. 

He  read  aloud  the  names  of  the  colours  with  difficulty  and  his  pronuncia- 
tion was  extremely  defective.  But  the  words,  badly  formed  as  they  were, 
evidently  conveyed  their  proper  significance  ;  for  the  choice  he  made  was  more 
accurate  than  when  he  was  not  permitted  to  utter  them  aloud. 

Even  such  simple  words  as  the  man  and  the  dog  were  defective,  when 
evoked  to  response  to  pictures.  The  man  became  "  mand,  mant,"  the  dog  was 
called  "  got,  god,  gone,"  whereas  the  cat  was  always  pronounced  perfectly. 
When  he  attempted  to  read  these  simple  phrases  from  print,  the  results  were 
even  worse  and  he  struggled  ineffectively  to  find  the  correct  expressions. 

Asked  to  read  the  orders  of  the  coin-bowl  test  aloud,  he  converted  them  into 
simple  numbers  ;  for  "example  "  the  second  into  the  third  "  became  "  two  into 
three  "  ;  but  this  did  not  materially  improve  the  way  in  which  he  executed  the 
task  set  him  in  print. 

Simple  commands,  such  as  "touch  your  nose,"  &c.,  were  read  aloud 
extremely  badly  and  the  movements  made  in  response  were  no  better  than  if 
lie  executed  them  in  silence. 

Writing. — With  great  effort  he  succeeded  in  writing  spontaneously 
"  McNally  A."  and  "A  McNally,  mid,"  but  could  get  no  further  in  his 
address.  Wishing  to  write  to  his  mother  he  began  "Mothr,  I"  and  then 
ceased  altogether. 

To   dictation    he  wrote    "  Aloi McNally,   22.    Ba Steer,   Middes  "  ; 

he  was  unable  to  finish  either  his  Christian  name  or  any  part  of  his  address. 
But,  in  response  to   a  printed  copy,  he  produced   the   following,   in  cursive 
handwriting,  with  interjected  capitals  : —  ■ 
"  Aloysius  McNally, 

28  Balekow  street  [t's  uncrossed] 
MiddleBoEough." 

He  was  unable  to  write  down  the  name  of  any  one  of  the  colours  shown  to 
him,  although  he  copied  them  from  print  without  a  mistake.  Here  again  he 
employed  cursive  script,  interspersed  with  irrelevant  cai)itals. 

The  words,  corresponding  to  any  two  pictures  of  the  man,  cat  and  dog  test, 
were  written  correctly  and  in  most  instances  he  inserted  the  definite  articles. 
He  copied  these  phrases  from  print  in  perfect  handwriting,  slowly  and  without 
error  of  any  kind. 

Although  he  employed  numbers  only,  he  expressed  the  time  extremely 
badly  in  writing.  Frequently  he  wrote  the  hour,  but  failed  altogether  to 
indicate  the  minutes  shown  on  the  clock-face. 

Writing  to  dictation  was  almost  impossible,  as  can  be  seen  from  his 
attempts  to  write  his  name  and  address.  When  the  simple  phrases  of  the 
man,  cat  and  dog  test  were  dictated  to  him,  his  written  response  was  in  every 
instance  incomplete. 

TJie  alphabet. —  Asked  to  say  the  alphabet,  he  began  very  slowly  "ABC"; 
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tlien  after  a  pause  he  continued  "  E  F  F  Jay  (evidently  intended  for  G) 
H  F  did  I  say  F?  I  forget  the  next  one."  He  made  several  more  attempts 
without  further  success. 

He  could  repeat  the  alphabet  after  me  slowly,  but  I  was  compelled  to  say 
each  letter  several  times.  On  the  first  occasion  his  lips  would  move,  although 
he  uttered  no  sound,  not  even  a  whisper :  when  I  again  said  the  same  letter,  he 
pronounced  it  accurately,  though  with  some  et!'ort. 

Separate   letters   were   read  aloud  correctly,  bearing  in  mind  his  Scotch 

accent. 

He  could  copy  the  alphabet  in  capitals ;  but,  when  he  attempted  to  write  it 
spontaneously,  he  was  only  able  to  produce  with  great  effort  the  following 
sequence  :      A  E  C  D  f  J." 

To  dictation  he  wrote  extremely  slowly  and,  in  almost  every  instance,  it 
was  necessary  to  say  the  letter  more  than  once.  During  this  test  his  lips 
moved  although  he  uttered  no  sound. 

Xumbers. — Asked  to  count,  he  started  quickly  and  correctly,  but  rapidly 
slowed  down  and  ended  in  confusion,  "  five,  six,  seven,  nine,  seven,  eight,  nine, 
nine,  ten,  ten,  twelve,  fourteen."'  He  then  began  again  with  the  following 
result :  "  one,  two,  three,  four,  four,  five,  six,  seven,  ny,  nine,  ten,  eleven,  ten, 
twelve,  four,  four,  twelve,  four-teen,  seven,  seven,  seven-teen."  I  suggested  he 
should  begin  at  twenty  and  he  said  "Twenty,  one,  two,  three,  four,  five,  seven, 
eight,  eight,  ten  ";  throughout  he  never  repeated  the  word  twenty,  but  counted 
the  decade  as  if  he  was  starting  from  one.  I  asked  "  What  is  twenty  and 
ten  ?  "  and  he  replied  "  Twenty  ten,  twenty  ten,  thirty."  He  then  started  to 
count  at  thirty,  saying  "Thirty,  twenty-one,  thirty,  thirty-two,  twenty-two, 
twenty-thirty,  twenty,  no,  thirty-two,  twenty-three,  thirty-four,  twenty-six, 
twenty-five,  twenty-seven,  thirty,  thirty,  thirty-eight,  thirty-seven,  thirty-six, 
no,  thirty-nine." 

Aritlivietic. 
Addition. 

123  228  ..  ..  ••  345 

214  734  ..  ..  ..  868 

337        9512     He  said  "  twelve,"  "  five,"         11  10  12     Again  he  said  "  twelve,"  "  ten, 

"  nine,"  and  wrote  them "eleven,"  writing  them  down 

down  independently.  independently, 

S^lbtraction. 
685  ..  ..  752  ....  821 

342  ..  ..  536  ..  ..  467 

342  224  446 

Throughout  he  subtracted  the  lower  from  the  higher  number,  oblivious  of 
whether  it  was  in  the  top  or  bottom  line. 

Coins  and  their  relative  value. — A  series  of  coins  were  laid  upon  the  table 
and  he  named  them  as  follows : — 
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Penny 
Sixpence . . 
Two-shilling  piece 
Shilling  . . 
Threepenny  piece 

Shilling  . . 
Sixpence . . 
Two-shilling  piece 
Threepenny  piece 

Penny 


"  Pen-ny." 
"Six     .     . 
"Shill-uu 
"Shill-un.' 
"Six      .     . 

penny. 
"Shell     . 
"Six     .     . 
"Shill-un 
"Six    .    , 

threp-pence." 
"  Pen-nuth     .     . 


six     .     .     .     six-pence" 

no,  two     .     .     .     two  shill-un.' 


no,  three 


shill-un 


three 


.     shill-un,  shill-un." 
six-pence." 

.     two     .     .     .     two  shillun." 
three  six    .    .    .    thrup    .     .    .    threp 


penny 


pen 


penny. 


Two  coins  were  then  placed  l^efore  him  and  he  was  asked  how  many  of  the 
one  went  to  make  the  value  of  the  other.     He  answered  as  follows : — 


One  penny  and  sixpence 
One  penny  and  threepetice 

A  sixpence  and  a  shilling 


"Six." 

"Four     .     .     .     penny     .     •     .     four     •     .     .     fourpence." 

(He  evidently  added  the  two  coins.) 
"  Six    .     .     .     sixpence     .     .     .    shillun     .     .     .    six    .     .     . 
sixpence. 
A  shilling  and  a  two-shilling     "Three  shillun"  (I  then  asked  the  question  again  and  he 

piiece  replied  "  Shillun  "). 

A  peymy  and  a  sixpence  ..     "Six     .     .     .     six." 

A  penny  and  a  shilling  ..     "Shillun      .      .      .      six      .      .      .      sixpence"    (question 

repeated)  "  Six." 
A  penny  aiid  a  threepenny  piece     "Three     .     .     .     three  pennies. " 
A  threepenny  piece  and  a  six-     "  Sixpence  "  (question  repeated)  "  Six     .     .     .     two     .     .     . 

pence  two     .     .     .     sixpence." 

A  sixpence  and  a  tivo-shilling    "Two     .    .     .     two     .     .     .     two    shillun"    (question     re- 
piece  peated)   "  Pour     .     .     .     no     .     .     .     four   six     .     . 

sixpence," 

But,  in  spite  of  these  confused  replies,  he  undoubtedly  rocognized  the 
monetary  value  of  each  of  these  coins,  provided  he  was  not  compelled  to 
express  their  relation  to  one  another  in  words.  For  he  was  able  to  put  together 
the  equivalent  of  any  one  of  them  from  amongst  a  heap  of  money  on  the  table 
in  front  of  him.  Thus,  when  given  a  shilling,  he  picked  out  a  sixpence,  added 
a  threepenny  piece  and  then  piled  three  coppers  (pennies)  one  on  the  other, 
making  in  all  a  shilling ;  with  a  two-shilling  piece,  he  chose  a  sixpence,  a  three- 
penny bit,  a  shilling  and  then  slowly  added  three  coppers  to  complete  the 
correct  sum. 

Draioing. — He  made  a  poor  outline  drawing  of  a  spirit-lamp  placed  before 
him  and  did  not  attempt  to  repi'esent  the  mechanism  of  the  burner  and  wick. 
This,  with  all  its  faults,  he  reproduced  from  memory  after  removal  of  the 
model. 

But,  when  I  drew  a  picture  of  the  same  object,  he  made  a  faithful  copy  not 
only  with  my  drawing  in  front  of  him,  but  also  from  memory,  although  he 
tended  to  detach  the  lower  part  of  the  wick  from  the  burner. 

Asked  to  draw  an  elephant,  he  produced  an  absurd  figm-e.  I  asked  if  he 
would  like  "  to  put  in  anything  "  he  had  omitted ;  he  replied  "  Yes,  doctor,  but 
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I  don't  know  where  to  put  it.'"     To  the  question  "  What  is  it?  "  he  placed  his 
forefinger  on  the  head,  hut  said  nothing. 

I  then  drew  the  outline  of  an  elephant  without  trunk,  tusks,  eye  or  ear. 
Giving  him  the  pencil,  I  asked  him  if  there  was  anything  he  would  like  to  add  ; 
he  marked  in  crudely  tlie  parts  I  liad  omitted.  Told  to  name  tliem,  he  said 
"Near"  (ear),  "Eye"  and  for  trunk"!  know  what  it  is,  but  I  forget  what 
they  call  it."  Q.  "What  does  he  do  with  it?"  A.  "His  mouth"  (placing 
his  right  hand  to  his  own  mouth).  When  I  pointed  to  his  drawing  of  a  tusk, 
he  replied  "  I  know  what  it  is,  but  I  can't  say  what  it's  called  .  .  .  trunt 
trunce  .  .  .  I  forget  that."  Q.  "What  does  he  do  with  it?"  A.  "Eat 
it     .     .     .     your  mouth,"  touching  his  teeth  with  his  hand. 

Orientation  and  plan-drnicing. — He  found  his  way  about  the  hospital  with 
ease  and,  when  taken  into  a  room  apart,  evidently  liad  an  accurate  conception 
of  the  relation  of  his  bed  to  the  other  objects  in  the  ward.  But  he  failed  to 
draw  a  satisfactory  ground-plan,  altliough  lie  made  marks  on  the  paper  indi- 
cating the  true  position  of  tlie  cupboard,  windows,  door  and  the  neighbouring 
unoccupied  bed. 

In  the  middle  of  a  sheet  of  paper  I  drew  a  rectangle,  to  represent  his  bed, 
with  a  human  figure  lying  upon  it.  He  was  able  to  point  out  accurately  the 
relative  situation  of  the  suri'ounding  objects,  adding  the  following  explanatory 
remarks.  "  There's  a  bed,  no  one  there  now  "  ;  on  the  other  side  "  No  other 
bed,  there's  only  my  bed  "  ;  he  pointed  below  the  foot  saying  "  The  war  (wall), 
the  rawd,  the  door,  yes  the  door."  Asked  what  was  above  the  head  of  the 
bed,  he  struck  with  his  hand  the  wall  of  the  room  in  wliich  he  was  being 
examined,  saying  "  The,  the,  war."  He  indicated  the  cupboard  in  its  correct 
position,  exclaiming  "  I  never  can  say  that  .  .  .  form  close  . 
clothes." 

Games. — With  dominoes  he  was  slow  in  fitting  the  numbers  together  in 
series,  although  he  made  no  actual  mistakes.  His  conception  of  the  task  was 
perfect,  but  he  kept  looking  backwards  and  forwards  from  the  last  domino  to 
the  heap  on  the  table,  evidently  unable  to  keep  in  his  head  the  number  he 
required.  When  he  picked  out  the  right  one  from  the  pool,  he  brought  it  close 
to  the  piece  already  in  place  in  order  to  be  certain  that  it  bore  the  number  he 
required.     He  worked  on  silently  and  steadily  with  no  uncertainty  of  aim. 

He  played  a  game  of  draughts  correctly,  making  the  moves  necessary  to 
avoid  the  loss  of  his  pieces  ;  he  had  little  power  of  playing  for  position.  He 
cleverly  avoided  the  traps  I  set  him  and  never  missed  taking  one  of  my  pieces 
that  fell  his  way,  although  he  did  not  see  how  to  force  me  to  give  him  two 
for  one. 

Singing. — Before  he  joined  the  army  he  was  on  the  music  hall  stage  as  a 
singer  of  serious  and  sentimental  songs.  He  had  never  been  able  to  read 
music  quickly  from  notes  and  was  accustomed  to  learn  mainly  by  ear.  At  the 
time  he  was  under  my  care,  he  seemed  to  be  completely  unable  to  read 
musical  notation.  But,  if  he  was  given  the  opening  notes  of  a  song  he  had 
known,  he  sang  it  through  accurately  without  words.     Time,  tune  and  modula- 
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tion  were  perfect  and  his  voice  had  the  full  volume  of  a  powerful  high 
baritone.  He  could  not,  however,  sing  any  song,  if  he  attempted  to  pronounce 
the  words. 

Serial  Tests. 
(i)  Namina  and  recognition  of  common  objects  ■  — 


Table  I. 


Pointing 
to  object 
sho  w  n 

Oral  commands 

Printed  coniinands 

Naming 
an  object 
indicated 

Duplicate 
placed  ill 
hand  out 
of  sight 

Repetition 

Copying 
from  print 

Key     .. 

Correct 

Correct 

No  response 

Impossible 

Correct 

K  .  .  .  chay 

In  capitals  on 

y 

Kuife . . 

"  I  missed 

that.     Say  it 

again."  Correct 

on  repetition 

Correct 

" 

Nike  .  .  .  nike 

Match 

,  J 

Correct 

Correct ;  great 

J  J 

Mat  .  .  .  mats 

,, 

Box 

hesitation 

.  .  .  mert 

Penny 

"  I  don't  think 
I  heard  that  " 

"  Cau-na  "  ; 
gave  up 

" 

Pen  .  .  .  penny 
.  .  .  palty 

" 

Scissors 

,, 

Correct 

Gave  up 

^  J 

Sis 

jj 

Pencil 

J, 

J  J 

Correct 

J  , 

Pen  .  .  .  pent 

J  J 

Key     .. 

" 

Gave  up 

"  Can't"  ;  gave 

up 

Correct 

" 

Kay 

.. 

Knife . . 

»» 

Correct 

„ 

Night  .  .  .  nie  .  .  . 

„ 

a  nie 

Match 

99 

j^ 

Correct ;  very 

,, 

Matze  . .  .  mat . . . 

,, 

Box 

slov/ 

mack  .  .  .  mat 

Penny 

,, 

,, 

Gave  up 

,, 

Pen  .  .  .  penny 

,, 

Scissors 

'• 

No  reply 

"Don't  think  I 
know  it" 

" 

Sit  .  .  .  sitty  .  .  . 
sizz 

" 

Pencil 

»» 

Correct 

Correct,  but 
uncertain 

" 

Pen  .  .  .  pentil  .  .  . 
pint-ua 

" 

He  was  completely  unable  to  name  a  single  object  presenteti  to  him  ;  he 
did  not  even  make  imperfect  attempts  to  do  so,  but  ejaculated  some  such 
expression  as  "  It's  a  ...  I  know  if  I  could  say  it,"  "  I  think  I  would 
know  it,  but  I  couldn't     .     .     .  "     "  I  ken,  but  I  can't  say  it." 

He  had  great  difficulty  in  repeating  the  names  said  by  me,  although  his 
utterances  usually  bore  some  imperfect  relation  to  the  correct  word. 

He  chose  the  right  object  quickly,  when  a  duplicate  was  shown  to  him  or 
placed  in  his  hand  out  of  sight. 

But  selection  to  oral  or  printed  commands  was  very  imperfect. 

When  I  placed  any  one  of  these  common  objects  into  his  hand  and  asked 
"What  is  it  for?  "  he  used  it  correctly  with  singularly  appropriate  gestures. 

(2)  Naming  and  recognition  of  colours.      (See  Table  IT.) : — 

He  could  not  give  names  to  the  colours  and  fell  into  such  errors  as  calling 
black  blue,  or  orange  red.  But  his  greatest  difficulty  was  to  find  the  appro- 
priate words  and  in  several  instances  he  gave  up  the  attempt.  Repetition  was 
extremely  defective. 
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Choice  to  oral  and  printed  commands  was  also  imperfect ;  but  he  responded 
better  if  he  was  allowed  to  read  the  names  aloud. 

He  could  not  write  any  one  of  tliem  completely  in  response  to  a  colour 
shown  to  him.  All  the  names  were,  however,  copied  correctly  from  print  in 
cursive  handwriting,  broken  by  irrevelant  capital  letters. 

(3)  TItc  mail,  cat  and  dog  tests.     (See  Table  III.)  • — 

He  read  aloud  these  simple  phrases  in  an  extremely  imperfect  manner ;  the 
sounds  showed  that  lie  was  stinving  to  render  the  correct  content,  but  the  words 
were  scarcely  recognizable.  Reading  from  pictures  was  executed  somewhat 
better  and,  when  he  repeated  the  words  said  by  me,  he  made  one  serious 
mistake  only.  This  was  however  characteristic,  for  he  substituted  "  the  cat 
and  the  man  "  for  the  dog  and  the  cat. 

He  wrote  almost  equally  badly  from  dictation  and  from  pictures  ;  but  every 
phrase  was  perfectly  transcribed  from  print  into  cursive  handwriting. 

(4)  Thr  clock  tests  :— 

Table  IV. 


Direct 
imitation 

Oral  commamls 

Ptinted  commands 

Telling  the  time 

Writing  down  the  time 

A  quarter  to  9      . .     Correct 

Correct 

Correct 

"  I  could  get  it,  if  I 
could  say  it  " 

9 

10  minutes  to  1    . .          ,, 

,, 

Both  hands  at  1 

"  I  can't  say  it  " 

12.10 

20  minutes  past  H         ,, 

Both  hands  at  11 

Correct 

No  reply 

11 

Half  past  1 

Both  hands  at  1 

jj 

"  Yes,  one" 

1.30  (correct) 

5  minutes  to  2     . .  j        ,, 

Both  hands  at  2 

»> 

"  Two,  two" 

1 "  I've  lost  that  one  " 

10  minutes  past  8  |       ,, 

Short  hand  at  8; 
longhand  at  12 

"  Aye,  ayte  " 

8.10  (correct) 

20  minutes  to  6  ..  1 

Both  bands  at  6 

Set  6.20 

"  Fye,  isn't  it?  " 

5 

Half  past  2 

Correct 

Set    2.15.       "I 
don't   think  I 
got  that  one  " 

"  Two,  six  ;  is  that 
six?"    pointing  to 
long  hand 

2.30  (correct) 

20  minutes  past  9  ,       ,, 

" 

Correct 

"  Nine  is  it?  and  four 
was  it  ?  ' 

9  "I  don't  know  what 
that  is,"  pointing  to 
long  hand 

10  minutes  past  7          ,, 

Short  hand  at  7  ; 
longhand  at  12 

" 

"  Seven  .  .  two," 
pointing  to  longhand 

7.10  (correct) 

20  minutes  to  4  .,          ,, 

Short  hand  at  4  ; 
long  hand  at  10 

Set  4.20 

"  Four  .  .  ayte," 
pointing  to  long  hand 

3 

10  minutes  to  7   . .          ,, 

Correct 

Set  7.10 

"  Seven  .  .  ten" 

6.10 

A  quarter  past  9  . .  '        ,, 

Shorthand  at 9: 
long  hand  at  12 

Short  hand  at  9  ; 
then  completely 
puzzled 

"  Nine  .  .  three" 

9.15  (correct) 

20  minutes  to  3   . .          ,, 

Correct 

Short  hand  at  3  ; 
then  puzzled 

"  Two  .   .  ayte  '' 

2  "  I  can't  get  that" 

5  minutes  past  8. .           ,, 

•• 

Correct 

"  Ayte  .   .  one  " 

8.5  (correct) 

He  set  the  hands  of  one  clock  in  direct  imitation  of  those  of  another  without 
a  mistake  of  any  kind.  His  lips  did  not  move,  but  he  looked  backwards  and 
forwards  frequently  from  the  model  to  the  clock  he  held  in  his  hand. 

Both  to  oral  and  printed  commands  he  made  many  errors,  obviously  mis- 
understanding the  order  given  and  occasionally  setting  both  hands  at  the  same 
point. 
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There  were  many  gross  defects,  when  he  attempted  to  tell  the  time  aloud, 
and  he  frequently  failed  altogether.  Occasionally,  instead  of  the  number  of 
minutes  indicated  by  the  long  hand,  he  would  give  the  hour  at  which  it  stood  ; 
for  instance,  9.15  was  called  "  nine  tliree,"  8.5  "eight  one."  He  also  wrote 
the  time  shown  on  the  clock  extremely  badly. 

Here  it  was  not  the  power  of  forming  words  that  was  at  fault,  but  compre- 
hension of  their  full  significance  for  internal  use  and  when  they  were  presented 
to  him  orally  or  in  print. 

(5)   The  coin  hoirl  test :  — 

Table  V. 


Oral  and  printed  commands,  whether  read  silently  or  aloud,  were  badly 
executed.  This  test  showed  clearly  that  he  found  the  same  kind  of  diliiculty 
in  using  numbers  as  we  have  already  noticed  with  words. 

(6)   Simple  movements  requirinq  no  choice  of  right  or  left.     (See  Table  VI.): — 

I  gave  him  a  series  of  simple  commands,  such  as  '  Touch  your  nose,"  Put 
out  your  tongue,"  &c.  ;  these  he  carried  out  almost  perfectly  in  response  to 
words  said  by  me.  When,  however,  the  order  was  given  in  print,  which  he 
read  silently,  his  responses  were  faulty.  Instead  of  closing  his  eyes  he  would 
touch  one  of  them  with  his  hand  ;  told  to  give  me  his  hand,  he  pointed  witli 
one  of  them  to  the  other  and  rarely  executed  correctly  the  movement  required. 
He  read  these  orders  aloud  extremely  badly  and  carried  them  out  even  worse 
than  when  he  remained  silent. 

Asked  to  copy  the  printed  sentences,  their  content  was  correctly  given,  but 
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c 

5z 

Sc 

t  e 

11 

3  O 

ll 

C    u 

c. 
c 
U 

11 

Touched   eye   with 

hand 
Touched   L.    hand 

with  R. 

Correctly 

Did  nothing 

Touched    L.    hand 

with  R. 
Correctly 

Did  nothing 

Touched  R.  eye 

p 

Shut  youR  eyes 
Give  Me  youR  hand.. 

touch  youR  nose 

Put  out  youR  tonGue 

Give  me  me  youR  hand 
touch  youR  nose 
Put  out  youR  TonOue 
Shut  youR  eyes 

c 

y-  ■z 
oi  5 

•c  S 
=  E 
■*  o 
.-.  c 
£  -e 
S.S. 

tcZ 

.£  '~ 

S3  » 

Did  nothing 

Touched  L. 
hand  with  R. 

Correctly 

Did  nothing 

Touched  L. 

hand  with  R. 

Correctly 

Did  nothing 

Touched  R. 
eye     with 
R.  hand 

^ 

c; 

"  Shine  .  .  you  .  .  eye, 
eye."  "  Show  .  .  eyes  " 

"Gee  .  .  mo  .  .  you  .  . 
ann  " 

"  Too,  too  .  .  you  .  .   no, 
now,  new.     New  no  " 

"  Pew  .  .  two  .  .  you  .  . 

toe."     "I   don't   know 

what  this  is" 
"  Gee  .  .  me  .  .  you  .  . 

ann,  fan,  ann  " 
"  Chew  .  .  you    .    .   no, 

nose  " 
"  Pew  .  .  no,  no  .  .  you 

.  .  tow  " 
"  Show,  shoud, shout  .  . 

you  .  .  eye,  eye  " 

"5  5 

Correct 

Touched  R. 
eye  with 
R.  hand 

5 

5 

Touched  R.  eye   with 

R.  hand 
Pointed  with  R.  hand 

to  L.  hand.      "This 

isn't  it " 
"  I  think  I  know  that 

word,"    pointing    to 

nose.     Did  nothing 
Did  nothing    . . 

Touched  L.  hand  with 

R. 
Correct ;  very  slow    . . 

"Was  it  toe?"      Did 

nothing 
Touched  R.  eye   with 

R.  hand 

Sliut  your  eyes 
Give  mo  your  hand. . 

Touch  your  nose     . . 

Put  out  your  tongue 

Give  me  your  hand.. 
Touch  your  nose     . . 
Put  out  your  tongue 
Shut  your  eyes 
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the  writing  was  a  curious  mixture  of  cursive  script  interspersed  with  irrelevant 
capitals.     Although  the  actual  words  as  written  contained  the  correct  commands, 
they  were  carried  out  extremely  badly. 
(7)  Hand,  eye  and  ear  tests  : — 

Table  VII. 


L.  hand  to  R.  eye 

R.  hand  to  R.  ear 
R.  hand  to  L.  eye 

L.  hand  to  R.  ear 

R.  hand  to  R.  eye 
L.  hand  to  L.  ear  | 
L.  hand  to  L.  eye  i 
R.  hand  to  L.  ear  i 
L.  hand  to  R.  eye 

R.  hand  to  R.  ear 
R.  hand  to  L.  eye  j 

L.  hand  to  R.  ear  j 

R.  hand  to  R. eye  j 
L.  hand  to  L.  ear  j 

L.  hand  to  L.  eye 
B.  hand  to  L.  ear 


Imitation  of 

movenients 

iiiacJe  by  the 

observer 

Imitation 
of  move- 
ments 
reflected 
in  a  mirror 

R.  hand  to 

Correct 

R.  eve 

Reversed 

R.  hand  to 

R.  eye 
L.  hand  to 

L.  ear 

Correct 

Reversed 

>> 
R.  hand  to 

R.  eye 
Reversed 

R.  hand  to 

L.  hand 

R.  eye 
L.  hand  to 

to  L.  eye 
Correct 

L.  ear 

Correct 

,, 

L.  hand  to 

R.  ear 

Reversed 

'■ 

Pictorial 
commands 


I'ictorial 

coniniands 

reflected  in  a 

mirror 


Reversed 

L.  hand  to  L.  ear 
Reversed 


Correct 


Reversed 
Correct 


L.  hand,  then       R.  hand  to 
R.  to  L.  ear  R.  ear 

Reversed  Correct 


R.  hand,  then 
L.  to  R.  ear 


R.  hand  to 
R.  ear ; then 
L.  to  R. ear 


Oral  conitnands 


Lifted  L.  hand 

Correct 
L.  hand  to  L,  ear 

L.  hand  to  L.  ear 

Correct 
L.  hand  to  R.  ear 
L.  hand  to  L.  ear 
R.  hand  to  R.  eye 
R.  hand  to  R.  eye 

R.  hand  to  R.  eye 
L.  hand  to  L.  eye 

L.  hand  to  L.  ear 

L.  hand  to  R.  eye 
Correct 

Reversed 
R.  hand  to  L.  eye 


Printed 
commands 


R.  hand  to  R.  eye 

R.  hand  .  .  . 
R.  hand  to  R.  eye 

R.  hand  .  .  . 

Reversed 

No  response 

Reversed 

j  L.  hand  toL.  eye 

R.  hand  to  R.  eye 

Reversed 
L.  hand  to  L.  eye 

L.  hand  toL.  ear 

L.  hand  to  R.  eye 
L.  hand  to  R.  ear 

L.  hand  .  .  . 
Reversed 


This  series  of  tests  brought  out  the  same  difficulties  in  an  exaggerated  form. 
He  could  not  imitate  my  movements  when  we  sat  face  to  face,  nor  could  he 
carry  them  out  correctly  from  pictures.  When  either  my  movements  or  the 
diagrams  were  reflected  in  a  mirror,  his  responses  were  not  only  much  quicker, 
but  he  made  four  mistakes  only  in  the  double  series  of  thirty-two  observations. 

As  with  all  tests  of  this  order,  he  found  great  difficulty  in  executing  oral 
and  printed  commands  and  occasionally  failed  to  complete  the  movement  or 
mistook  ear  and  eye. 


I 


Condition  in  July,  1922,  foiir  years  and  nine  months  after  lie  was  icounded. 

The  wound  was  represented  by  a  tough  arrow-shaped  scar,  lying  over  a 
triangular  opening  in  the  bone;  this  was  depressed  and  in  normal  circumstances 
did  not  pulsate.  But  if  he  lowered  his  head  towards  his  knees,  the  surface  came 
up  flush  wnth  the  scalp  and  pulsation  occurred.  The  skin  did  not  seem  to  be 
tender  in  the  true  sense  of  the  word,  although  he  intensely  disliked  anything  to 
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touch  this  part  of  his  liead  and  was  evidently  Wghtened  at  tlie  prospect  of 
contact. 

He  comphiined  of  occasional  "headaches  "  in  the  morning,  which  disappeared 
an  hour  or  so  after  getting  up.  Stooping  or  lifting  brought  on  this  feehng, 
which  was  more  a  discomfort  and  sensation  of  "dizziness"  than  an  actual  pain. 
It  could  also  be  induced  by  reading  or  intellectual  concentration.  He  had 
suffered  from  no  tits  or  other  attacks.  The  discs  were  normal ;  vision  was 
perfect  and  there  was  no  limitation  of  the  field.  All  reflexes,  including  the 
abdominals  and  plantars,  were  normal.  There  was  no  paresis,  inco-ordination, 
or  change  in  tone,  and  sensibility  was  in  no  way  affected.  In  fact,  I  could 
discover  no  abnormal  physical  signs  of  any  kind.  His  general  health  was 
excellent. 

Symbolic  Formulation  mid  Expression. 

He  had  returned  to  his  occupation  as  a  music  hall  singer,  but  recently  lost 
his  engagement  because  his  voice  had  deteriorated,  and  lie  was  about  to  return 
to  manual  work. 

Articulated  speech. — He  was  somewhat  nervous  and  anxious,  speaking  little 
except  when  in  quiet  and  familiar  surroundings.  He  said  "I'll  tell  you  what 
I'm  most  afraid  of  ...  I  can't  speak  much  in  company  ...  I  get 
nervous  and  it  stops  me  from  speaking     ...     I  get  confused     .  .     the 

words."'  To  my  question  whether  he  knew  w'hat  he  wanted  to  say,  he  replied, 
"  Yes,  Doctor  .  .  .  but  if  they  speak  quickly  I  get  taken  off  what  I  wanted 
to  say." 

He  said  the  months  correctly  in  order  and  had  regained  his  power  of 
naming  common  objects  or  colours,  although  he  occasionally  hesitated  before 
replying.  He  had  no  difhculty  in  word  formation,  once  he  knew  what  he 
wanted  to  say;  if  he  failed  to  find  the  correct  expression,  he  did  not  stutter 
and  make  repeated  attempts  at  articulation,  but  paused  as  if  lost.  Syntax  w^as 
entirely  unaffected  and  he  sliowed  no  tendency  to  employ  true  jargon. 

He  could  repeat  everything  said  to  him  accurately  and  without  verbal 
distortion. 

Understanding  of  spoken  words. — Common  objects  or  colours  wei'e  chosen 
rapidly  witliout  error  to  oral  commands  and  he  set  the  hands  of  the  clock 
correctly.  He  made  no  mistakes  even  with  the  complex  hand,  eye  and  ear 
tests,  although  his  choice  was  somew'hat  slow  and  hesitating.  His  apprecia- 
tion of  the  significance  of  general  conversation  was  excellent,  provided  I  did 
not  speak  too  rapidly,  or  talk  of  some  entirely  unfamiliar  subject. 

Reading. — He  evidently  understood  what  he  read  to  himself,  choosing 
common  objects  or  colours  and  setting  the  clock  correctly  to  i)rinted  commands. 
Even  the  liand,  eye  and  ear  tests  were  executed  without  mistakes  to  orders 
given  in  print. 

He  read  aloud  the  phrases  of  the  man,  cat  and  dog  tests  with  ease.  But, 
when  reading  from  a  book,  he  occasionally  hesitated  at  some  unusual  word 
saying,  "  I  can  say  the  names  .  .  .  unless  they  might  be  .  .  .  big 
words    .     .     .    big  names     ...     or  I  can  say  them  all  if  I  have  a  good  look 
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at  them    .    .    .    read  them  over    .    .    .    have  a  good  look  at  them  and  say  them 
over." 

Writing. — He  wrote  liis  name  and  address  perfectly  and  produced  the 
following  excellent  letter,  marred  only  hy  the  insertion  of  irrelevant  capitals. 

"  Dear  Sir,  I  feel  much  better  than  I  was,  four  years  ago.  In  fact  I  feel 
Better  in  every  way,  of  course  I  feel  a  Little  Depressed  at  times,  hut  it  is 
nothing.     Well  I  cannot  write  mucli,  and  it  also  takes  me  a  Long  time  to  do  it 

Yours  faitlifully 

A.  McN." 

Designation  in  writing  was  still  somewliat  slow,  although  he  could 
execute  all  the  serial  tests  with  few  if  any  faults.  Thus  he  found  some  diffi- 
culty with  the  names  of  common  objects,  but  made  no  mistakes  except  with 
the  spelling  of  knife  and  scissors.  Colours  were  given  correctly,  he  wrote  the 
phrases  of  the  man,  cat  and  dog  test  accurately,  and  even  put  on  to  paper  the 
complex  hand,  eye  and  ear  movements  without  mistakes.  The  months  were 
written  in  due  order  and  February  alone  was  wrongly  spelt  (Febuary),  a  trivial 
fault. 

He  wrote  well  to  dictation  and  copied  excellently  keeping  his  eyes  fixed  on 
the  printed  matter  before  him. 

The  alphabet. — In  spite  of  his  extensive  recovery  of  speech  he  experienced 
profound  difficulty  with  this  test.  He  had  reached  a  high  standard  at  an 
elementary  school  and  said,  "  I  w\as  a  good  scholar  before  I  was  w'ounded." 
Asked  to  say  the  alphabet  he  began  "  A  B  C  D  E  F  G  .  .  .  "  ;  he  ceased 
and  starte:!  again,  "  A  B  C  D  E  F  G  H  .  ..."  Then  he  said  "  I  can 
say  the  end  of  it,  I  L  M  N  0  P  Q  W  X  Y  Z  .  .  .  there  is  one  or  two 
.  .  .  letters  .  .  .  there  .  .  .  I'm  not  sure  of-"  Yet  he  repeated  the 
letters  after  me  and  read  them  aloud  perfectly. 

Told  to  write  the  alphabet  spontaneously,  he  produced  the  following  : 
abCDEFGHLOPQESTUVWXZ;  and  to  dictation  he  wrote 
abCDEFGHIJKLMNopqRSTWVWxvz(y  troubled  him 
gi'eatly  and  was  left  unfinished).  Given  a  series  of  capitals  and  asked  to  copy 
them  in  ordinai'y  handwriting,  he  did  so  as  follows  :  abcDEFGHIJKL 
m  n  o  p  q  R  S  t  u  V  w  X  y  z- 

I  then  placed  on  the  table  the  twenty-six  block  letters  and  asked  him  to 
make  an  alphabet ;  he  completely  failed  to  do  so.  He  first  ranged  in  order 
ABCDEFGI  then  exclaiming.  "  I  think  I've  done  it  wrong"  he  removed 
the  I  and  added  H  I.  After  much  hesitation  he  continued  L  M  N  O  P  U  R 
S  T  and  then  gave  up  altogether. 

Thus,  in  spite  of  the  profound  recovery  of  speech,  this  test  still  revealed 
gross  lack  of  power  to  manipulate  verbal  symbols. 

Numbers  and  arithmetic- — He  counted  perfectly  up  to  69,  but  hesitated  at 
70  ;  he  then  continued,  "  71,  72,  73,  74  .  .  .  70,  71,  72,  73,  74,  75,"  and 
so  on  correctly  up  to  100.  Each  number  w'as  considered  separately  and 
uttered  individually,  and  not  as  part  of  a  series. 
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Aihlition 

6'iib(n«'<io»i 

123 

228 

345 

685 

752 

821 

214 

734 

868 

342 

536 

467 

387 

962 

1,213 

343 

236 

474 

(wrong) 

corrected  spontan- 
eously to— 
354 

Coins  and  their  relative  vahie. — All  forms  of  money  from  a  pound  note 
do^Yn^vards  were  correctly  named  and  the  relative  value  of  any  two  of  them 
was  given  slowly  but  accurately.  He  added,  "  I  used  to  be  awful  ...  I 
couldn't  count  the  change     .     .     .     not  correctly     .     .     .     It  is  much  better 

.  .  now  and  again  I  make  mistakes  .  .  .  if  I  try  to  do  it  quick  I 
make  mistakes." 

Draicin(j. — He  drew  a  spirit-lamp  excellently  from  a  model  and  reproduced 
it  faix'ly  well  from  memory.  He  was  also  able  to  draw  an  elepliant  with  all  its 
salient  points,  naming  them  correctly  as  he  added  eacli  one  to  his  drawing. 

Pictures  and  images. — He  showed  perfect  recognition  of  the  full  significance 
of  pictures  and  carried  out  pictorial  commands  without  fail. 

When  drawing  the  elephant,  he  insisted  that  he  could  see  it  "  in  my  mind." 
Asked  what  colours  I  had  shown  him  on  the  previous  day,  he  gave  them  all 
correctly  and  added,  "  I  can  see  them     .     .     .     see  them  all." 

Orientation  and  plan-drairing. — During  his  stay  in  London  he  found  his 
way  about  alone,  came  to  my  house  from  the  Hospital  unattended,  and  showed 
no  signs  of  defective  orientation. 

Asked  to  draw  a  plan  of  the  room  in  which  we  worked,  he  was  much 
puzzled  as  to  the  relative  position  of  the  various  objects  and  tended  to  draw 
them  in  elevation  instead  of  indicating  them  on  the  flat.  When,  however,  I 
drew  a  four-sided  outline  figure  to  represent  the  room  and  asked  him  to  point 
to  each  object  in  turn  as  I  named  it,  he  did  so  with  complete  accuracy.  It 
was  the  power  of  formulating  the  relation  of  the  various  pieces  of  furniture  to 
one  another  which  was  at  fault. 

Games. — He  could  play  billiards  and  draughts,  but  not  cards  ;  they  had 
always  given  him  trouble,  since  he  was  wounded,  and  he  had  not  attempted  to 
relearn  these  games. 

Singing. — He  could  never  read  musical  notation  sufficiently  to  help  him 
with  his  songs  and  learnt  them  all  by  ear.  He  still  sang  well  without  words  ; 
his  voice  had  its  full  volume  and  showed  no  unsteadiness.  But  as  soon  as  he 
attempted  to  sing  the  words  of  a  song,  he  fell  out  of  tune,  the  volume  of  his 
voice  decreased  and  a  bad  tremolo  made  its  appearance.  Evidently  the  woi'ds 
hindered  him,  and  he  complained,  "  It's  the  words  that  worry  me  .  .  . 
better  without  words." 

Serial  Tests. 

(l)  Naming  and  recognition  of  common  objects.     (See  Table  VIII.)  : — 
Oral  and  printed  commands  were  executed  without  the  slightest  difiiculty, 
and  he  named  the  various  objects  correctly,  although  with  occasional  hesitation  ; 
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Pointing 

to  object 

shown 

Naming 
an  object 
indicated 

Oral 
commands 

Printed 
commands 

Duplicate 
placed  ill 

hand  out 
of  sight 

Writing  name 
of  object 
indicated 

Knife 

Correct 

Correct 

Correct 

Correct 

Correct 

Knike 

Key  . . 

,, 

ij 

Correct 

Penny 

,, 

,, 

99 

Matches 

,, 

,, 

Scissors 

jj 

,, 

Siccors 

Pencil 

It 

Correct 

Key  . . 

1, 

Scissors 

J  J 

II 

Siccors 

Matches 

ji 

II 

Correct 

Knife 

,, 

,, 

>> 

Penny 

,, 

1) 

19 

Matches 

,, 

Scissors 

,, 

)i 

Siccors 

Pencil 

M 

Correct 

Penny 

,, 

,, 

1 J 

Knife 

,, 

II 

Nife 

Key  . . 

,, 

1, 

Correct 

Pencil 

" 

" 

" 

but  his  lips  did  not  move,  even  during  the  moments  of  doubt.  Told  to  write 
down  the  name  as  each  object  was  shown  to  him,  the  nomenclature  was 
correct,  but  the  spelling  of  scissors  and  knife  defective. 

(2)  Naming  and  recognition  of  colours. —  All  these  tests  were  carried  out 
perfectly  and  the  names  were  even  written  without  mistakes.  This  shows 
the  profound  extent  to  which  he  had  recovered  power  to  use  language  in  its 
various  forms. 

(3)  The  man,  cat  and  dog  tests. — He  read  aloud  from  print  or  pictures  and 
repeated  these  phrases  perfectly.  He  could  write  them  from  pictures  or  to 
dictation  and  copied  print  in  ordinary  handwriting  without  mistakes  of  any 
kind.     In  fact,  he  said  that  these  tests  gave  him  no  trouble. 

(4)  The  clock  tests. — He  set  the  clock  to  oral  and  printed  commands,  placing 
the  short  hand  throughout  in  a  position  proportionate  to  the  minutes  indicated. 
He  told  the  time  perfectly  and  wrote  it  down  without  mistakes,  adding,  "  It 
seemed  to  come  to  me  all  of  a  sudden,  when  I  got  home  first  ...  I  seemed 
to  read  the  clock." 

(5)  The  coin-boivl  test. — This  gave  him  no  difficulty  and  all  the  tests  were 
executed  rapidly  and  well. 

(6)  Hand,  eye  and  ear  tests. — These  showed  in  a  striking  manner  the 
profound  recovery  of  power  which  had  occurred  since  he  first  came  under  my 
care.  He  not  only  imitated  my  movements  sitting  face  to  face,  but  carried 
out  oral,  printed  or  pictorial  commands  correctly,  though  somewhat  slowly. 
When  my  movements  or  the  pictures  were  reflected  in  a  mirror,  his  response 
was  much  quicker.  He  could  even  write  down  without  mistakes  my  move- 
ments sitting  face  to  face,  or  those  indicated  in  the  diagrams,  a  task  of 
considerable  difficulty  even  for  a  normal  person. 
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During  the  course  of  these  tests  he  volunteered  the  following  statements  : 
"  I  looks  at   your  arms  .  then  I     .     .     .     well    I    looked    at    youi" 

right    arm   or  your  left     .     .  and  that  kind  of  tells  me     ...     I  say 

it."     "  It's  difficult  if  it's  quick     .     .     .     when  I  do  it  quick     .  .     I  don't 

think  III  do  it  correctly." 

At  first  this  patient  showed  profound  loss  of  power  to  find  names  and 
the  indicative  words  he  required  to  express  his  tlioughts.  He  could  not  carry 
out  oral  or  printed  commands  and  was  unal)le  to  write  although  he  could 
copy.  In  the  course  of  somewhat  over  four  years,  he  recovered  his  power  of 
speaking,  '-eading  and  writing  sufficiently  to  carry  out  all  the  serial  tests. 
excepting  only  those  set  by  the  alphabet.  But  it  was  obvious  that  he  still 
had  difficulty  in  naming,  and  the  more  complex  oral  and  printed  commands 
were  executed  with  abnormal  deliberation.  In  fact,  he  still  remained  an 
example  of  nominal  apliasia,  in  spite  of  the  remarkable  restoration  of  the 
power  of  speech  in  all  its  forms. 

;:  5. — A  Case  of  Semantic  Aphasia,  due  to  a  Wound  ivitli  a  Hand-qrenade  in  the 
left  Supra-maniinal  Gyrus.  Observations,  extending  over  seven  years, 
shoiced  considerable  variation  in  the  degree,  but  not  in  the  character  of  the 
disturbance  of  function. 

No.  10. — Lieutenant  Eobert  M.,  who  was  an  accountant  before  the  War, 
enlisted  in  September,  1914,  obtaining  his  commission  in  June,  1915.  At  the 
time  of  his  wound  he  was  32  years  of  age  and  a  most  intelligent  Scotchman. 

He  was  bombing  officer  to  his  regiment,  and  on  March  17,  1916,  during 
a  course  of  instruction  to  his  men  on  the  use  of  hand  grenades,  he  was 
wounded  accidentally.  He  remembers  nothing  of  the  occurrence,  or  of 
anything  that  happened  on  that  day. 

He  was  admitted  to  hospital  at  le  Treport  on  March  18,  with  two  small 
wounds  over  the  left  parietal  area,  which  affected  the  brain,  together  with 
scattered  injuries  of  little  import  over  the  chest,  abdomen  and  arms.  He  was 
semi-conscious  and  rambled  in  his  speech.  The  pupils  were  equal  and  reacted 
to  light.     There  was  no  paralysis. 

On  March  18  he  was  trephined  ;  on  enlarging  the  openings  the  dura  mater 
was  found  to  have  been  perforated  in  two  places  and  two  small  fragments  of 
depressed  bone  were  removed.  A  small  drainage  tube  was  inserted  through 
each  opening  into  the  brain.  These  were  removed  on  March  22,  and  his 
progress  was  reported  to  be  satisfactory. 

When  admitted  under  my  care  to  the  Empire  Hospital  for  Officers  on 
April  20,  1916,  there  was  a  healed  wound  in  the  left  parietal  region.  Bone 
had  been  removed  over  an  oval  area  2'5  cm.  by  1'25  cm.,  extending  from 
lo'o  cm.  to  18  cm.  along  the  nasion-inion  and  8  cm.  to  the  left  of  the  middle 
line.  The  total  distance  from  nasion  to  inion  was  34  cm.  The  wound  was 
firmly  healed  and  did  not  pulsate  (cf.  figs.  6  and  7,  pp.  410  and  411). 
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On  physical  examination,  I  could  find  no  abnormal  signs  of  any  kind  except 
the  disorders  of  speech.  His  vision  was  E.  f ,  L.  f,  with  slight  myopia.  The 
visual  fields  were  not  restricted  and  the  discs  showed  no  changes.  Motion, 
sensation  and  the  reflexes  were  unaffected. 

He  was  a  strongly  right-handed  man,  who  could  neither  throw,  nor  cut 
left-handed  with  the  loose-jointed  scissors  (Gordon's  test).  He  could  tie  a 
reef-knot  and  had  no  difficulty  in  using  knife,  fork,  spoon  or  other  tools.  He 
made  the  movements  of  brushing  his  hair  without  a  brush  in  his  hand  and 
could  pretend  to  take  a  cigarette  from  his  case,  strike  a  light  and  blow  it 
out  again. 

He  had  not  suffered  from  fits  or  any  other  attacks.  His  headache  varied 
greatly ;  it  was  never  acute  or  associated  with  nausea  and  vomiting,  but  was 
'  dull "  and  diffused  mainly  on  the  left  half  of  the  head.  It  was  greatly  in- 
creased by  fatigue  and  concentrated  mental  effort.  He  was  conscious  of  an 
abnormal  sensation  when  he  stooped  to  do  up  his  boots,  but  not  with  less 
extreme  changes  of  posture.  Once  induced,  the  headache  required  some  days 
before  it  passed  away. 

Condition  of  Symbolic  Formulation  and  Expression  in  May  and  June,  1916, 
ten  iveeks  after  he  ivas  wounded. 

He  was  a  remarkably  intelligent  man  and  a  most  willing  subject  for 
examination.  His  temper  was  unusually  equable,  even  when  he  found 
difficulty  in  expressing  himself,  and  he  was  bright  and  happy  throughout  his 
stay  in  the  hospital. 

Articulated  speech. — He  had  no  difficulty  in  finding  or  articulating  words  to 
express  his  ordinary  needs  and  all  his  phrases  w^ere  perfectly  formed  and  spaced. 
Syntax  was  entirely  unaffected.  But  in  general  conversation  he  paused  like  a 
man  confused,  who  had  lost  the  thread  of  what  he  wanted  to  say. 

He  could  say  the  days  of  the  week  and  months  correctly  and  counted 
without  hesitation  or  error. 

He  had  no  difficulty  in  repeating  anything  said  to  him,  provided  the 
sentence  did  not  contain  a  number  of  possible  alternatives  ;  any  mistake  he 
might  make  depended  on  faulty  comprehension  or  memory,  and  not  on  want  of 
power  to  repeat  what  was  said. 

Understanding  of  spoken  tuords. — At  first  sight  he  appeared  to  understand 
all  that  was  said  to  him,  choosing  both  geometrical  shapes  and  colours 
correctly,  though  with  some  hesitation  to  oral  commands.  But  with  the 
moi-e  complex  clock  tests  he  failed  lamentably,  evidently  unable  to  compre- 
hend the  full  significance  of  the  order.  His  response  to  the  hand,  eye  and  ear 
tests  were  even  worse ;  eye  and  ear  were  confused  and  he  tended  to  fail  in 
executing  an  order  which  required  him  to  bring  his  hand  across  to  the  opposite 
half  of  the  face.  Moreover,  in  general  conversation  he  was  liable  to  become 
confused,  because  he  did  not  understand  the  full  meaning  of  what  was  said. 
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This  he  explained  as  follows  :  "  I  don't  seem  to  understantl  all  you  say  and  then 
I  forget  what  I've  got  to  do." 

Reading. — He  could  understand  the  significance  of  printed  words  and  short 
sentences  without  fail,  provided  they  did  not  contain  a  command.  But,  when 
asked  to  read  silently  to  himself  a  series  of  paragraphs  in  the  newspaper,  he 
gave  a  poor  account  of  their  full  meaning;  he  lost  the  thread  of  wliat  he 
wanted  to  say  and  his  narration  tailed  away  aimlessly. 

He  chose  the  following  message  from  the  King  on  the  Battle  of  Jutland : 
"  I  am  deeply  touched  by  the  message  you  have  sent  me  on  belialf  of  tlie  Grand 
Fleet.  It  reaches  me  on  the  morrow  of  a  l)attle,  wliich  has  once  more  dis- 
played the  splendid  gallantry  of  the  oliflcers  and  men  under  your  command.  I 
mourn  the  loss  of  brave  men,  many  of  them  personal  friends  of  my  own,  who 
have  fallen  in  tlieir  country's  cause  ;  yet  even  more  do  I  regret  that  the  German 
High  Seas  Fleet,  in  spite  of  its  heavy  losses,  w'as  enabled  by  the  misty  weatlier 
to  evade  the  full  consequences  of  an  encounter  tliey  have  always  professed  to 
desire,  but  for  which,  when  the  opportunity  arrived,  they  showed  no  inclina- 
tion. Though  the  retirement  of  the  enemy  immediately  after  the  opening  of 
the  general  engagement  robbed  us  of  the  opportunity  of  gaining  a  decisive 
victory,  the  events  of  last  Wednesday  amply  justify  my  confidence  in  the 
valour  and  efficiency  of  the  fleets  under  your  command." 

After  lie  had  read  it  through  to  himself,  he  said,  "  The  King  refers  to  the 
loss  of  the  many  brave  men  under  his  command,  many  of  them  personal 
friends  of  his  own.  He  refers  to  the  loss  of  the  many  brave  men.  He  lays 
great  stress  on  the  fact  that  the  Germans  were  evidently  unable.  .  .  to  come 
to  grips  .   .   .  with  our  men." 

He  could  read  aloud  simple  sentences  perfectly  without  mispronunciation  ; 
l)Ut  in  the  course  of  a  long  or  difficult  passage  he  tended  to  become  confused, 
even  thougli  he  was  reproducing  the  words  correctly.  Given  the  King's 
message,  he  read  it  aloud  correctly  until  he  reached  "  yet  even  more;  "  thence 
he  continued  in  jerky  sentences  of  a  few  words  apiece  until  he  came  to  "for 
which  .  .  .  they  have  always  professed  a  desire  .  .  .  for  which  they  have  .  .  . 
they  have  the  opportunity  .  .  .  arrive  they  show  no  inclination,"  when  he 
stopped  and  said,  "  That's  funny,  I  seem  to  be  getting  the  wrong  sense 
somehow.  Shall  I  go  on '?  "  Encouraged  to  do  so,  he  read  to  the  end  correctly. 
He  was  then  asked  what  he  understood  from  the  paragraphs  he  had  read 
aloud,  to  which  he  answered,  "  You  see,  Doctor,  it's  like  this  ;  I've  got  a  general 
epitome  of  what  I've  been  reading  in  the  paper.  When  I  tell  you,  I  may  get 
it  mixed  up.  About  the  King's  message  .  .  .  The  fleet  was  at  the  ...  If 
they  hadn't  had  the  opportunity  to  fully  engage  the  German  fleet  .  .  .  the, 
ah  yes,  misty  weather  spoilt  things  .  .  .  notwithstanding  our  men's  keenness 
to  force  a  general  action,  the  misty  weather  and  the  enemy's  disinclination  to 
fight  robbed  us  of  victory." 

He  had  no  difficulty  in  reading  and  understanding  a  letter  written  by 
himself  or  by  others,  provided  it  did  not  deal  with  matters  which  would  have 
confused  him  however  they  had  been  presented. 
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Writing. — His  handwriting  was  profoundly  altered  ;  he  wrote  his  name 
and  address  with  extreme  rapidity,  twice  employing  the  peculiar  letter  like  a 
^^,    which  formed  so  prominent  a  feature  of  his  script  at  this  stage. 

Asked  to  compose  a  letter  to  me,  he  wrote  as  follows,  saying  the  words 
aloud  :  "  Dear  Dr.  Head,  I  have  a  vase  containing  some  beautiful  flowers.  My 
wife  brought  me  some  lilies  of  the  valley."  At  the  same  time  he  wrote  with 
considerable  difficulty  a  scrawl  whicli  was  comprehensible  only  if  his  intention 
was  known.  This  he  read  aloud  exactly  as  if  it  had  been  perfectly  written. 
Throughout  he  showed  a  peculiar  tendency  to  use  a  figure  resembling  ^ 
for  D  F  O  E  T  and  V. 

I  dictated  to  him,  "  The  lilies  of  the  valley,  which  are  standing  on  my  table, 
were  sent  to  me  by  my  wife  from  Cork."  This  he  wrote  with  difficulty  ;  he 
dashed  off  the  first  few  words,  paused,  and  suddenly  wrote  "  which  are  stand- 
ing on  my  table,"  and  then  stopped.  I  repeated  several  times.  "  which  were 
sent  me  by  my  wife  "  before  he  could  put  the  next  phrase  on  to  paper,  and 
even  then  he  omitted  "  wife  "  ;  and  yet  he  read  what  he  had  written  exactly 
as  if  it  w'ere  a  perfect  reproduction  of  the  sentences  I  had  dictated. 

He  could  copy  the  names  of  the  colours  from  print,  but  wrote  extremely 
rapidly  and  tended  to  employ  the  curious  sign  ^  in  place  of  several  of  the 
initial  letters.  Asked  to  copy  the  simple  man,  cat  and  dog  phrases,  he  tended 
to  reproduce  a  common  fault,  which  ran  throughout  these  tests,  substituting  in 
this  case  "  man  "  for  "  cat." 

The  alphabet. — He  could  say  the  alphabet  perfectly  and  repeat  it  without 
fail.     But,  when  asked  to  write  the  letters,  he  said  each  one  aloud  once  or 

^^  6^  iJl  I  i    ^  ^i<f  f'   " 

Fig.  10. 

more  and  wrote  the  above  script  (fig.  10).  He  added,  when  he  had  finished, 
"  I  seem  to  get  mixed  between  capitals  and  other  letters."  To  my  dictation 
he  produced  an  almost  identical  alphabetical  sequence. 

General  significance  of  j)ictures  and  print. — Shown  a  picture  and  asked  to 
describe  what  he  saw,  he  went  over  it  in  detail,  usually  beginning  at  one  side 
and  working  across  to  the  other  :  but,  as  a  rule,  he  failed  to  appreciate  its 
general  significance.  For  instance,  he  was  shown  a  photographic  reproduction 
of  the  tower  with  the  leaning  Virgin  at  Albert ;  at  the  top  of  the  picture  was 
printed,  "  When  the  end  of  the  war  will  be ;  a  prophecy."  After  examining 
it  with  care  and  reading  the  superscription,  he  said  that  it  reminded  him  of 
something  he  had  seen  before  ;  "  In  the  other  picture  I  saw,  there  was  a  piece 
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of  statuary.  I  don't  know  if  that  is  a  confusion  in  my  mind  of  not.  It  was 
a  piece  of  old  building  tumbling  down  ;  like  the  leaning  tower  of  Pisa.  That 
building  has  fallen  over  much  more  than  this  ;  the  local  French  people  believe 
that  the  statue  of  the  Virgin  Mary  .  .  .  they  believe  that  the  statue  has 
fallen  and  that  then  the  war  will  end  .  .  .  just  in  that  place  the  war  will 
end."  During  the  narration  he  looked  away  from  the  picture,  evidently 
recalling  some  previous  memory,  and  I  therefore  said  :  "  What  bearing  has 
this  picture  on  the  story  you  have  just  told  me  ?  ''  He  then  looked  at  the 
picture  again,  passing  his  finger  over  the  various  details  as  he  mentioned 
them.  "This  is  simply  a  building,  that  has  been  bombarded,  in  ruins;  one 
tower,  as  often  happens,  seems  standing  unmolested.  I  can  now  see  the  slatue 
quite  plainly  ;  I  can  see  the  arms  (luite  plainly.  I  think  I  might  have  been 
confused  about  the  statue  if  hadn't  known  the  story."  It  was  not  until  after 
he  had  recounted  to  me  the  familiar  legend  and  recalled  previous  illustrations 
he  had  seen  of  the  church  at  Albert,  that  he  suddenly  noticed  the  most  salient 
feature  in  the  picture  before  him. 

In  consequence  of  this  difficulty  in  recognizing  the  full  significance  either 
of  pictures  or  of  printed  matter,  most  jokes  were  incomprehensible.  Suppose, 
however,  that  the  humour  consisted  solely  in  the  detail  of  the  drawing,  it 
might  be  appreciated ;  but  any  demand  for  co-ordination  between  its  various 
parts,  or  with  the  text  beneath  it,  met  with  little  response. 

I  showed  him  a  drawing  from  one  of  the  comic  papers  where  the  point 
•depended  on  the  appreciation  of  the  significance  of  summer-time,  then  a  much 
discussed  novelty.  Standing  beside  a  clock,  whose  hands  pointed  to  two,  the 
bride  of  a  day  says  to  her  bridegroom  :  "  Look,  it's  2  o'clock,  and  yesterday  at 
this  time  it  was  1,"  and  he  replied  :  "  Yes,  darling ;  and  yesterday  at  this  time 
we  were  two,  and  now  we  are  one."  The  patient  remarked  :  "  I've  got  the  drift 
of  that.  It's  not  much  of  a  joke.  They've  stupidly  been  married  ;  the  bride- 
groom has  something  stupid  to  say  about  yesterday  we  were  two  and  now  we 
are  one."  Then,  pointing  to  the  clock,  he  said:  "  I  could  have  told  the  time 
there  better  than  when  you  were  trying  me  .  .  .  two  o'clock."  I  asked  : 
"  What  happened  at  two  o'clock,  just  a  fortnight  ago  ?  "  He  replied  :  "  Oh  ! 
I  see,  Daylight  Saving  Act."  To  my  question,  "  What  happened  to  the 
clocks?"  he  answered:  "They  were  put  back  an  hour.  That's  a  thing  I'm 
rather  hazy  about.  I  have  to  think  of  that  .  .  .  forward  .  .  .  back, 
no,  I  have  to  give  that  up ;  I've  been  trying  to  think  that  out,  and  haven't  got 
to  a  conclusion  yet,  somehow." 

Then  I  told  him  "  The  clock  was  put  forward  ;  at  twelve  o'clock  it  was  put 

forward  to ?  "  and  he  replied  :   "  Put  forward    .     .     .    well  at  twelve  o'clock 

it  was  put  forward  to  half-past  eleven.  I  shouldn't  think  it  was  half  an  hour, 
anyhow  ;  half-past  eleven,  no,  eleven  o'clock.  I  can't  get  it ;  I  seem  to  have 
got  the  idea,  but  I  can't  get  hold  of  it." 

General  intention  of  an  act  to  be  performed. — This  inability  to  grasp  the 
general  significance  or  intention  of  an  act  he  is  asked  to  perform  was  well 
illustrated  during  the  tests  for  the  spacial  aspects  of  sensation.     When   the 
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index  finger  of  either  hand  was  moved  passively,  even  witli  the  eyes  open,  he 
did  not  give  consistently  appropriate  replies.     Sometimes   he   said  correctly 
"the  same,"   "two  together"    (for  two  movements    in    the    same   direction), 
"  different,"  "  not  the  same  ;  "  or  if  I  asked  :   "  Which  way  is  it  moving?  "  lie 
would    answer    "forwards,"     "backwards,"    "bending,"    or    "straightening." 
But,   if  I  remained  silent,  he  usually   simply  replied  "yes,"  or  wagged    the 
finger  of  the  other  hand  aimlessly  backwards  and  forwards  without  indicating 
the  direction. 

If,  during  the  compass  tests,   he  was   touched   with  a  single  point  more 
than  once  successively,  he  tended  to  count  "  one,"  "  two,"  "  three  "  ;    then  he 
would  exclaim  :  "Oh  !  bother  I've  muddled  it  again."     Although  sensation  was 
unaltered,  he  could  not  hold  fast  in  his  mind  that  the  intention  of  the  test  was 
to  determine  his  power  of  discriminating  contact  with  one  or  two  points. 

Asked  to  point  to  the  spot  on  either  hand  touched  by  me,  he  did  so  without 
difficulty  ;    but,  unless  the  command  was  repeated  every  time,  he  would  forget 
what  he  had   to  do   and  held  the  indicating  finger  poised   in  the  air.     If  I 
repeated  the  order  he  would  exclaim  "  Oh  !  yes,  of  course,"  and  carry  it  out 
correctly. 

His  power  of  appreciating  the  addition  or  removal  of  weights  placed  on  the 
palm  of  either  hand  was  certainly  unaffected.     But  he  frequently  failed  to  give 
a  consecutive  reply,  saying  "  I  don't  know  what  you  mean  by  on  and  off ;    I 
get  confused  "  ;  and  yet  on  more  than  one  occasion  he  volunteered  the  state- 
ment "  You  touched  the  weight,  you  did  not  take  one  off,"    which  was  quite 
correct.     I  laid  two  weights  on  the  table  in  front  of  him  and  requested  him  to 
place  one  on  to  the  other,  or  to  take  it  off  silently,  in  order  to  indicate  whether 
I  had  added  or  removed  a  weight  from  his  hand.     This  confused  him   pro- 
foundly and  he  made  no  attempt  to  carry  out  the  command,  although  he  had 
been  previously  answering  correctly  by  word  of  mouth. 

Arithmetic. — Although  he  counted  excellently  and  with  ease  he  was  entirely 
unable  to  carry  out  the  simplest  arithmetical  operation.     He  could  not  even 
add  231  and  356  or  subtract  432  from  865.     He  said  "  I  seem  to  get  tangled 
up  in  the  process."     This  is  the  more  remarkable  as  he  was  an  accountant  in 
civilian  life,  accustomed  to  handle  complex  masses  of  figures. 

Coins  and  their  relative  value. — He  named  every  coin  with  perfect  ease. 
But,  as  soon  as  two  of  them  were  presented  to  him  and  he  was  asked,  "  How 
many  of  this  one  (of   lower  value)  go  into  this  one   (of  higher  value)  ?  "  he 
became  confused.     The  following  are  some  of  his  answers : — 
A  penny  and  sixpence      ...  ...     "Twelve" 

Sixpence  and  a  shilling    ...  ...     "Twelve    ....    yes,  twelve, 

sixpence  " 
Sixpence  and  half-a-crown  •••     "  Let  me  see,  twenty-two  .  .  . 

I    thought    of  twenty-four, 
but  it's  not " 
A  halfpenny  and  a  penny  ...     "  Penny  and  halfpenny,  penny 

and   two   pence  ....  no, 

penny  and  halfpenny  " 
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A  halfpenny  and  sixpence  ...     "  Six  and  twelve  is  it?  .  .  No  " 

One  penny  and  a  shilling. . .  ..."  Twelve  " 

Sixpence  and  lialf-a-cro\vn  ...     "Six  ....  twenty-four" 

Sixpence  and  one  sliilling  ...     "Six  ....  twelve" 

One  penny  and  sixpence  ...  ...      "Twelve  " 

Drawing. — He  was  unable  to  delineate  a  vase  of  simple  form  either  from 
the  model  or  from  memory.  Asked  to  draw  an  elephant,  he  failed  entirely  to 
produce  a  figure  of  any  kind,  hut  scrawled  idly  on  the  paper. 

Plan-drawing  and  relation  of  objects  in  space. — Told  to  draw  a  plan  of  his 
room  in  the  hospital,  he  failed  entirely;  he  made  no  attempt  even  to  put  the 
pencil  to  paper,  saying  :  "  I've  all  sorts  of  ideas,  but  I  can't  carry  them  out." 
But,  with  his  eyes  closed,  lie  had  no  difficulty  in  pointing  to  the  position  of  the 
window,  fireplace,  washhandstand,  cliest  of  drawers  and  other  pieces  of  furni- 
ture. When  asked  to  say  how  the  washhandstand  stood  in  relation  to  the 
fireplace,  or  tlie  latter  to  the  door,  he  entirely  failed  to  do  so  ;  allowed,  however, 
to  say  :  "  The  fire  is  there  and  the  door  there,"  he  pointed  to  their  position 
with  complete  accuracy.  He  knew  exactly  where  they  were  and  was  certain 
that  he  could  "  see  them  in  his  mind,"  but  was  unable  to  express  their  relative 
position  to  one  another. 

Orientation. — He  was  extremely  liable  to  lose  his  way  in  the  hospital  and 
had  difficulty  even  in  finding  his  room.  This  feature  of  his  affection  was  more 
fully  investigated  when  he  was  up  and  about,  and  is  considered  more  in  detail 
later. 

Games. — He  could  play  no  games  such  as  chess,  draughts  or  cards ;  nor 
•could  he  put  together  "jig-saw  "  puzzles,  so  popular  an  employment  amongst 
wounded  soldiers. 

Serial  Tests. 

(l)  Naming  and  recognition  of  coiiimon  objects : — 

Table    I. 


FointiOK 

to  object 

shown 


Oral    commands 


Printed 
L'ommand.s 


Cylinder 
Cone 


Correct 


Cube 

Sphere     . . 
Ovoid 

Pyramid  . . 
Sphere     . . 
Cone         . .  ] 

Ovoid       . .  , 

Cube 
Cylinder  . . 

Pyramid  . .  ' 

Correct 
"  A  cone  and  a 
pyramid  :  but  I 
can't."     Correct 

Correct 


"Pyramid;    no." 

Chose  correctly 

Correct 


Correct 


Duplicate 
placed  in 
band  out 
of  sight 


Correct 


Xaminf;  an 
object  in- 
dicated 


■'The  cube'- 
Correct 


Chose  cone  ; 
then  correctly 


Writing 
name  of 
object  in- 
dicated 


C 

Wrote 
nothing 

C 
Sp 
O 

^ 
Sp 
Clo 

Scrawl 

Wrote 

nothing 

Sype 
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During  the  observations  on  sensibility  I  found  he  was  unusually  accurate 
in  his  nomenclature  of  geometrical  figures,  and  I  therefore  selected  them  as 
the  objects  to  be  named  or  indicated  in  this  test.  With  the  general  run  of 
patients  the  names  applied  to  these  solid  figures  are  so  inconstant  and  uncertain, 
that  it  is  not  advisable  to  use  them  in  this  manner  :  but  in  this  case  they  distinctly 
added  to  the  value  of  the  results  ol)tained. 

He  showed  little  difficulty  in  pointing  to  an  object  named  orally  or  in  print 
and  made  one  mistake  only  in  nomenclature.  '  But  he  failed  entirely  to  winte 
their  names  :  he  not  infrequently  hit  upon  the  correct  initial  letter,  although  he 
showed  a  tendency  to  use  the  same  symbol  for  different  capitals. 

When  he  was  told  to  say  each  name  aloud  before  putting  it  into  writing, 
he  did  so  correctly  ;  but  he  produced  an  illegible  scrawl  which,  however, 
contained  the  same  number  of  signs  as  the  word  he  had  uttered.  For  in- 
stance, he  said  "  Cylinder  yes,  C.Y.L.I.N.D.E.E,"  and  as  he  spelt  each  letter 
he  made  a  mark  upon  the  paper,  which  might  or  might  not  correspond  to  its 
normal  shape.  "  Pyramid "  was  correctly  articulated  ;  but  he  then  said 
"  P.Y.R.I.M.D  "  and  wrote  a  word  consisting  of  six  more  or  less  incomprehensible 
letters. 

(2)  Naming  and  recognition  of  colours  : — 

Table  II. 


Pointing 
'  to  colour 

Oral 
com- 
mand 

Printed 
oom- 
niands 

Nam  ins 

Writing 

name  of 

colour 

indicated 

Cfipyinj; 

Dame.s  from 

print 

Printed  name  read  aloud 
and  colour  chosen 

shown 

He  chose          Ho  said 

Blue        . .     Correct 

Correct 

Correct 

Correct 

J^lue 

.^  lue 

Correct       Correctly 

Yellow 

,, 

,, 

., 

Orange 

fellow 

,, 

No  choice 

Red 

» 

>, 

» 

:2ed 

i^ed 

»» 

Correctly 

Black      .. 

)» 

)> 

.^>lack 

Black 

,, 

Orange   .. 

„ 

Yellow 

Red 

Orange 

^^  range 

,, 

Yellow 

White     .. 

,, 

Correct 

Correct 

Whide 

White 

,, 

Correctly 

Violet     . .  ;        ,, 

..  (slow) 

,, 

,, 

.^^  iolet 

.Violet 

,, 

it 

Green     . .          ,, 

Correct 

1, 

^reen 

^reen 

»» 

tf 

Blue 

)> 

>j 

^lue 

J?  lue 

>» 

Yellow    .. 

,, 

>> 

„ 

^ range 

i^ellow 

Green 

Red 

»i 

,, 

>j 

iSed 

i^ed 

Correctly 

Black      .. 

,, 

jj 

Black 

Black      [ 

99 

Orange    . .           ,, 

Yellow 

Yellow 

Red 

^ range 

.grange           ,, 

Yellow 

White     .. 

Correct 

Correct 

Correct 

White 

White 

Correctly 

Violet     . . 

,, 

,, 

<> 

ig  iolet 

.Violet 

„ 

Green 

" 

" 

Green 

Green      '         ,, 

" 

Asked  to  point  to  a  colour  corresponding  to  one  he  had  been  shown,  he 
answered  correctly,  but  tended  to  forget  the  order  in  which  they  lay  on  the 
table  before  him.  He  swept  his  finger  backwards  and  forwards  along  the  row 
until  he  found  the  one  he  wanted  ;  then  lie  answered  without  doubt  or 
hesitation. 
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Printed  commands  were  carried  out  somewhat  more  easily  than  those  given 
orally,  though  both  were  on  the  whole  correctly  executed ;  the  choice  of 
yellow  for  orange  can  scarcely  be  reckoned  as  a  mistake.  When  he  attempted 
to  name  the  various  colours,  he  responded  quickly  and  with  assurance,  but 
made  three  errors,  twice  calling  orange  "red"  and  once  saying  "  orange  "  for 
yellow. 

Told  to  write  these  names,  he  produced  in  each  case  something,  which 
distinctly  represented  the  colour  shown  to  him,  althougli  the  letters  were 
badly  formed  and  there  was  a  peculiar  tendency  to  use  a  common  sign  for 
B  G  E  V  and  Y. 

When  he  was  asked  to  copy  these  names  from  print,  he  almost  exactly 
repeated  liis  previous  performance  :  to  write  words  evoked  on  seeing  a  colour 
and  to  copy  them  from  a  card  seemed  in  tliis  case  to  be  an  almost  identical 
task. 

(3)   The  man,  cat  and  dog  test : — 


Table   III. 


Reading 
aloud 

Ki^adiiig 

from 
pictures 

Writing  from 
pictures 

Writiiis  from  dictation 

Repeti- 
tion 

Copying  print  into 
liandwriting 

The  dog 
The  man 

The  cat 
The  cat 

The  dog 

The  man 

and  the  cat 
and  the  dog 

and  the  man 
and  the  dog 

and  the  man 

and  the  cat 

Correct 

M 

Correct 
" 

Dog  and  Cat 

Man  and 

"No,  I'm 

done  " 

Cap  and  man 

D  Cap  and 
"No,  I  can't" 
Dog  and  man 

Man  and  cat 

(illegible  word)  the 

Cat 
The  man  and  the 

Dog 

The  cat  and  the  man 
The  cat  and  the  man 

The  :2  og  and  the 

man 
The  man  and  the  cat 

Correct 

The  Dog  and  the  Cap 

asp 
The  man  and  the  Dog 

■ 

The  cat  and  the  nfan 
The  man  and  the  Dog 

The  Dog  and  the  man 

The  man  and  the  cat 

He  had  no  difficulty  in  reading  from  print  and  from  pictures  or  in  repeating 
after  me  the  series  of  short  sentences  of  wliich  this  test  is  composed. 

But  his  writing  showed  the  same  peculiar  changes  noticed  with  previous 
methods  of  examination.  He  wrote  with  extreme  rapidity,  as  if  afraid  of 
forgetting  what  he  intended  to  do.  Thus,  when  the  pictures  of  the  dog  and  the 
cat  were  placed  before  him,  he  gazed  at  them  for  a  time  ;  suddenly  he  exclaimed, 
"  I've  got  it,"  dashed  off  "  dog  and,"  paused  and  then  added  a  scrawl  to  repre- 
sent "  cat."  Shown  the  man  and  the  dog,  he  wrote  "  man  and,"  adding  "  now 
I'm  done."  Writing  from  dictation  seemed  to  be  equally  uncertain  and  was 
carried  out  at  extreme  speed.  Even  copying  showed  the  same  peculiarities  ; 
thus,  when  a  card  bearing  "  the  dog  and  the  cat  "  was  laid  before  him  he  wrote 
rapidly  "  the  dog  and  the,"  paused,  added  "  cap,"  said  "  No,  that's  not  it  .  .  . 
cat,"  wrote  "  asp  "  and  finally  gave  up,  saying  "  No,  I  can't  do  it." 

(4)   The  clock  tests  .— 
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Althougli  lie  was  able  to  reproduce  exactly  by  direct  imitation  the  position 
of  the  hands  on  a  clock  set  by  me,  his  method  of  action  was  clumsy.  Thus,  in 
order  to  place  the  minute  hand  at  45,  he  would  move  it  all  round  tlie  clock 
from  50,  its  previous  position;  to  set  7.10  after  3.40,  he  moved  both  hands 
round  to  7  and  then  swung  the  long  hand  to  ten  minutes  past  the  hour.  He 
did  not  appreciate  quickly  the  relation  of  a  task  he  had  solved  successfully  to 
one  he  was  about  to  perform. 

Both  verbal  and  printed  commands  were  carried  out  with  extreme  difficulty 
and  uncertainty.  He  failed  to  differentiate  the  symbolic  value  of  the  two 
hands  and  confused  "  to  "  and  "  past  "  the  hour.  Similar  mistakes  were 
apparent,  when  he  attempted  to  tell  the  time,  and  still  more  when  he  wrote  it 
down  silently.  If  he  was  permitted  to  say  it  aloud  before  writing  it,  what  he 
wrote  depended  entirely  upon  the  words  he  uttered.  Even  copying  from  a 
printed  card  was  imperfectly  carried  out. 

(5)   The  hand,  eye  and  ear  tests.     (See  Table  V.) : — 

This  series  of  tests  puzzled  him  greatly  and  reading  aloud  the  orders  in  print 
was  alone  executed  correctly.  Througliout  all  these  other  tasks,  he  tended  to 
make  the  same  kind  of  mistakes,  confusing  eye  and  ear,  or  right  and  left,  failing 
in  most  instances  to  recognize  that  an  order  required  him  to  bring  his  hand 
across  his  face  to  touch  the  eye  or  ear  of  the  opposite  side.  Throughout  all 
these  observations,  he  moved  his  lips  and  occasionally  could  be  heard  to  repeat 
the  command,  usually  incorrectly.  He  complained  "  My  initial  difficulty 
seems  to  be  riglit  and  left ;  it  confuses  me  and  I  forget  the  rest  of  what  I've 
got  to  do." 

No  wonder  that,  under  such  conditions,  he  failed  to  imitate  my  movements 
sitting  face  to  face,  or  to  carry  out  pictorial  commands  ;  for  both  require  accurate 
appreciation  and  reproduction  of  a  someyhat  complex  formula.  But  his  uncer- 
tainty of  general  intention  led  him  even  to  confuse  these  orders  when  reflected 
in  a  mirror  ;  he  failed  to  recognize  that  he  had  simply  to  imitate  exactly  what 
he  saw  in  the  glass  without  reasoning  about  right  and  left.  Oral  and  printed 
commands  were  also  badly  executed  and  he  could  frequently  be  heard  to  repeat 
the  order  wrongly  under  his  breath.  This  was  not  so  much  due  to  want  of 
power  to  understand  the  actual  words  as  to  an  inability  to  formulate  and  retain 
in  his  memory  the  general  intention  of  what  he  was  told  to  do. 

Subsequent  Progress. 

So  long  as  he  remained  in  the  Empire  Hospital,  where  he  occupied  a  room 
to  himself,  he  progressed  favourably.  But,  at  the  end  of  July,  1916,  he  was 
sent  to  our  Convalescent  Hospital  at  Koehampton.  Here  many  of  the 
patients  were  up  and  about,  occupied  in  games  and  other  moi^e  or  less  active 
amusements.  There  was  a  large  camp  close  by  in  Richmond  Park ;  bands 
played,  men  marched  and  the  sound  of  explosions  from  the  bombing  school 
were  distinctly  audible.  He  wandered  about  unhappily  and  complained  that 
there  was  "  too  much  going  on,  it  puzzles  me.  They  are  always  going  by  with 
a  band  and   I  want  to  think  what  they  are.     It  bothers  me."     He  suffered 
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from  headache,  mostly  over  the  left  side,  but  nausea  and  vomiting  were  absent 
The  discs  were  normal. 

On  August  23,  1916,  he  had  definite  epileptiform  convulsion,  which  was 
seen  by  Dr.  Riddoch,  who  was  talking  to  him  at  the  time.  He  ceased  speaking, 
turned  towards  the  right  side  ;  his  eyelids  closed.  The  right  arm  became 
flexed  and  rigid,  but  there  was  no  clonus  and  the  leg  was  not  obviously 
affected.  The  conjunctival  reflex  was  absent.  He  did  not  bite  his  tongue  or 
evacuate  urine  or  fteces.  After  the  attack  was  over  the  right  plantar  reflex 
gave  an  upward  response. 

In  September,  1916,  he  was  moved  back  to  the  Empire  Hospital  for  closer 
observation,  and  his  general  condition  improved  greatly  under  the  influence  of 
quiet  and  restricted  surroundings.  His  headache  almost  disappeared  and 
nausea  and  vomiting  were  absent.  The  discs  were  unaffected  and  visual  fields 
noi'mal.  There  was  neither  paralysis  nor  paresis,  and  all  the  reflexes,  including 
tlie  abdominal  and  plantar,  were   unaffected. 

On  October  16,  1916,  Mr.  Walton  explored  the  wound.  A  small  flap  was 
turned  down  and  an  irregular  trephine  hole  was  discovered,  filled  with  tough 
fibrous  tissue.  This  was  dissected  away  carefully  and  a  small  piece  of  bone 
(0'8  by  0'5  by  0'2  cm.)  was  taken  away  from  the  superficial  part  of  the  cortex. 
When  the  scar  tissue  was  removed  this  fragment  was  visible  without  further 
dissection.     The  wound  healed  by  the  first  intention. 

He  was  sent  to  the  country  and  his  general  condition  greatly  improved. 
All  headache  disappeared ;  he  remained  free  froin  attacks  and  showed  no 
physical  signs  of  a  lesion  to  the  nervous  system,  beyond  the  condition  of  his 
speech. 

In  June,  1917,  he  was  again  put  through  a  complete  examination.  The 
tests  with  common  objects  were  now  carried  out  perfectly  and  those  of  the 
man,  cat  and  dog  series  were  noticeable  only  for  the  extreme  rapidity  with 
which  he  wrote.  He  asked  to  be  permitted  to  leave  out  the  "  thes  "  in 
writing,  for  "  I  keep  track  of  it  better"  if  allowed  to  shorten  the  sentence  in 
this  way.  The  clock  tests  still  showed  all  the  previous  faults  in  executing 
oral  and  printed  commands,  and  the  results  of  the  hand,  eye  and  ear  tests  were 
almost  identical  with  those  set  out  on  Table  5.  He  made  the  definite  state- 
ment that,  when  attempting  to  carry  out  oral  and  printed  commands,  "  I  seem 
to  act  more  spontaneously,  but  I  still  say  it  over  to  myself.  Though  I  don't 
say  it  aloud,  I  say  it  to  myself."  If  he  was  permitted  to  say  it  aloud  his 
actions  were  almost  perfectly  in  accord  with  the  order  given  by  word  of  mouth 
or  in  print. 

He  could  write  an  excellent  letter,  but  had  extreme  difficulty  in  reducing 
the  alphabet  to  writing.  In  the  course  of  what  he  wrote  spontaneously  in  my 
presence,  occurred  the  following  passage,  "  Shall  I  now  try  to  tell  you  of  a 
very  Diffcul  tast  you  set  me,  that  is  trying  to  write  the  Letters  of  the  alphabet. 
This  test  is  one  which  I  always  felt  w'ould  be  Difiicut.  he  trouble  is  mostly  in 
beginning  the  Letters  i.e.  actual  Letters  of  the  alphabet  wihle  I  can  write 
straight  on  beginnin  a  new  letter  or  sentence  troubles  me.     This  may  not  be 
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very  intellegible  to  you,  but  if  I  may,  I  shall  try  to  explain  my  somewhat 
rambling  .  .  .  ."  He  then  ceased  and  appended  his  signature.  He  had  no 
difficulty  in  reading  this  whole  letter,  when  written  ;  he  appreciated  where  he 
had  gone  wi'ong  and  corrected  some  of  the  mistakes. 

Arithmetical  operations  were  impossible,  except  the  first  or  simplest 
addition  and  subtraction  sums.  He  had  no  difficulty  in  naming  coins,  but  was 
still  slow  in  recognizing  their  relative  value,  though  liis  answers  were  on  tlie 
whole  correct. 

He  was  given  a  brightly  coloured  picture  of  a  jetty  with  a  small  liglithouse 
projecting  into  the  sea ;  moored  close  to  shore  was  a  fishing  boat  that  filled  up 
at  least  one-third  of  the  picture.  Holding  it  in  his  hand  he  began  to  describe 
what  he  saw  :  '  It's  a  picture  of  the  sea  .  .  .  and  it  shows  the  harbour  and 
.  .  .  the  .  .  .  this  might  be  a  light  house  .  .  .  and  there's  a  steamer  out 
at  sea  .  .  .  Life  boat,  on  rollers  ready  for  launching  .  .  .  thei'e's  a  small 
boat  here  [pointing  to  the  shore] .  There's  a  ship  here  possibly  for  pulling  up 
any  sort  of  boat."  He  entirely  missed,  in  this  detailed  description,  the  large 
fishing  boat,  which  filled  up  a  considerable  portion  of  the  picture.  After  it  was 
removed  he  again  enumerated  from  memory  the  various  objects  he  had  seen, 
entering  into  even  closer  detail.  The  picture  was  then  replaced  in  his  hands 
and  he  suddenly  exclaimed,  "  Oh  !  I  left  out  the  very  large  boat,  fishing  boat, 
sailing  boat.     I  think  I  missed  it  from  the  beginning." 

After  an  attack  of  influenza  in  July,  1918,  he  regressed  and  did  not  recover 
his  powers  of  speech,  up  to  the  point  he  had  previously  reached,  until  the 
beginning  of  1919.  In  March  of  that  year  his  condition  was  much  the  same 
as  that  I  have  just  described,  but  by  June  he  showed  distinct  improvement. 

I  pass  over  all  my  observations  during  the  next  two  years,  which  simply 
confirmed  and  amplified  those  already  recorded. 

Condition  five  years  after  the  Injury  {April  28  to  May  4,  1921). 

He  was  in  splendid  physical  health  and  did  not  suffer  in  any  way  from  his 
head.  But  he  complained  that  he  easily  became  tired  especially  if  he  had  to 
think  much  and  then  lost  "  the  grip  of  things."  "  If  I've  got  to  hurry  it  puts 
me  out  directly." 

He  had  been  through  a  course  of  training  in  apiculture  under  the  JEgis  of  the 
Pensions  Ministry.  His  wife,  an  extremely  able  young  woman,  took  part  in 
this  instruction,  and  it  was  she  who  managed  all  the  business  and  administra- 
tion, whilst  he  carried  out  the  physical  work  required  for  the  industry. 

Articulated  speech. — He  could  find  all  the  words  and  names  he  required  for 
daily  use  ;  his  sentences  were  perfectly  formed  and  spaced  and  syntax  was 
unaffected  ;  but  he  still  showed  a  tendency  to  become  confused  in  the  give  and 
take  of  conversation.  He  was  able  to  say  the  days  of  the  week  or  the  months 
correctly  and  counted  without  mistake  or  hesitation.  Eepetition  was  perfect, 
provided  the  phrases  were  not  long  and  complicated  in  their  significance. 

Understanding  of  spoken  words. — On  superficial  examination  he  seemed  to 
understand  all  that  was  said  to  him.     He  had  no  difficulty  in  choosing  familiar 
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objects  or  colours  to  oral  commands,  but  he  failed  gi'ossly  to  set  the  hands  of 
the  clock,  or  to  carry  out  the  hand,  eye  and  ear  tests,  to  orders  given  by  word 
of  mouth. 

In  ordinary  intercourse  he  was  frequently  unable  to  comprehend  with 
uniform  exactitude  what  he  had  heard  and  so  became  easily  confused.  Of  this 
several  characteristic  instances  are  given  below. 

Beading. — He  still  had  profound  difficulty  in  grasping  the  full  significance 
of  what  he  read  silently,  although  he  could  read  aloud  without  mistakes  and 
with  perfect  enunciation  (vide  infra  p.  513). 

WritiiKj. — He  wrote  with  undue  rapidity  and  formed  his  letters  carelessly, 
as  if  in  fear  that  he  might  forget  what  he  intended  to  express.  But  his  script 
was  now  legible  and  he  had  ceased  to  employ  a  common  sign  for  several 
different  capital  letters. 

The  following  excellent  letter  was  composed  and  written  spontaneously  in 
my  presence  :  "  Dear  Dr.  Head,  London  seems  very  beautiful  at  present.  The 
trees  look  so  fresh  and  green  that  one  might  almost  imagine  oneself  in  the 
country.  Nearly  two  years  ago  I  was  in  London  and  was  very  much  impressed 
by  the  beauty  of  the  trees.  London  must,  I  think,  look  at  its  best  in  early 
May.  My  mother  visited  London  at  Easter  and  was  full  of  enthusiasm  for  the 
natural  beauty  of  the  surroundings,  the  blossoms  on  the  fruit  trees  particularly 
taking  her  attention.  I  do  not  mean  to  say  that  London  is  more  beautiful 
than  the  country — it  is  very  beautiful  in  some  respects  wonderfully  so — but 
what  seizes  the  imagination  is  that  so  much  beauty  should  exist  around  a  great 
city.     The  cause  may,  I  sliould  say,  be  given  in  one  word — trees. 

Here  the  only  faults  were  poor  handwriting  and  careless  spelling,  correspon- 
ding to  the  hun'ied  manner  in  which  he  carried  out  his  task.  He  read  this 
letter  over  aloud  to  me  perfectly  and  did  not  notice  any  of  the  mistakes. 

He  could  write  to  dictation  and  copy  correctly,  but  his  handwriting  tended 
to  show  the  same  faults  as  when  he  wrote  spontaneously. 

The  alphabet. — He  could  say,  repeat  and  read  aloud  the  alphabet  in  perfect 
order,  quickly  and  without  mistakes. 

But,  when  he  came  to  write  the  letters,  he  lost  the  thread  in  the  middle  ; 
he  paused  after  J,  started  again  with  I,  and  then,  except  for  two  illegible 
scrawls  before  L,  wrote  the  remainder  correctly.  To  dictation  he  made  the  same 
sort  of   mistakes,  writing  mainly  in  capitals  :     6^^    C  D    ^ ^  ^   H  J^^^' 

J^^  m  n  O  2/'^  IJ  5^3^  uvw  x  y  z.  When  I  said  G  he  wrote  " /," 
and  followed  it  rapidly  by  "  G  "  in  response  to  a  second  command  ;  but  for  I,  he 
again  substituted  "  /,"  correcting  it  on  repetition  of  the  order.  He  was  then 
asked  to  copy  the  printed  alphabet :  this  he  carried  out  in  cursive  handwriting, 
slowly  and  with  evident  difficulty.  For  k  he  first  wrote  "  h  "  and  added  "  k  "  ; 
r  was  preceded  by  two  illegible  attempts,  and  for  t  he  first  wrote  "  d,"  and  he 
made  the  following  explanatory  remarks  :  "I  found  some  difficulty.  I  always 
have  difficulty  with  a  K  ;  I  always  write  h  ;  then  I  know  it  is  different ;  I  can't 
get  started  somehow  with  the  r,  the  same  with  the  t.     I  thought  it  was  simple  ; 
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I  took  the  risk  it  would  come  right,  and  it  came  right.     I  wasn't  sure  until 
I  came  to  put  the  stroke  and  then  I  found  I  was  right.     I  had  to  risk  it." 

.-1  printed  paragrajjJi. — I  gave  him  the  following  passage  from  Lander's 
letters,  asking  him  first  of  all  to  read  it  to  himself  and  tlien  to  tell  me  what  he 
had  gatliered  from  it. 

"  On  Wednesday  last,  I  was  present  at  a  wedding  ;  the  only  one  I  was  ever 
at,  except  one  other.  There  was  bride-cake  and  there  were  verses  in  profusion, 
two  heavy  commodities  !  But  what  an  emblematic  thing  the  bride-cake  is  !  All 
sugar  above,  all  lumpiness  below.  But  may  Heaven  grant  another,  and  far 
different  destiny,  to  my  sweet-tempered,  innocent,  sensible  young  friend-'' 

Four  minutes  later  he  handed  the  paper  back,  saying  "  On  Wednesday  last 
I  w^as  present  at  a  wedding.  The  .  .  .  the  only  one  except  one  other  at 
which  I  was  present.  There  were  .  .  •  presents  .  .  .  and  verses  .  .  . 
and  bride-cake  in  profusion.  .  .  .  The  .  .  .  the  bride-cake  all  sugared  above 
.  .  .  lumpiness  below.  .  .  .  The  one,  the  cake  .  .  .  yes,  the  cake  suggested 
to  be  emblematic  of  the  future  state  of  the  married  couple.  ...  I  wasn't  able 
to  quite  follow  what  was  really  meant  by  the  emblematic  state.  There  seemed 
to  be  in  the  writer's  mind  some  meaning,  but  I  couldn't  find  what  it 
really  was." 

He  then  re-read  the  contents  silently  and  wrote  as  follows  : — 

"  On  Wednesday  last  I  was  present  at  a  wedding,  the  only  one  except  one 
other  at  which  I  was  present.  There  were  verses  in  profusion  and  a  brides 
cake,  both  heavy  commodities.  The  one  all  sugar  above,  all  lumpiness  below, 
simmingly  an  emblem  of  the  future  state.  May  the  future  state  of  my  innocent 
young  friend  be  .  .  ."  He  ceased  to  write  and  said  "  I've  rather  lost  the 
trend  of  things." 

He  was  asked  to  read  the  passage  aloud,  which  he  did  correctly  ;  then  he 
copied  it  in  cursive  handwriting  clearly  and  without  mistakes. 

Finally  I  asked  him  "What  was  it  that  bothered  you?"  and  he  replied, 
"  Well  at  first  it  was  an  ordinary  conventional  wedding  with  cake  and  I 
suppose  in  those  old  days  verses  ;  they  are  not  so  prevalent  nowadays.  He 
seemed  to  regard  the  wedding  cake  as  an  emblem  of  the  future  state  of  his 
young  friend,  who  was  about  to  be  married  .  .  .  and  the  writer's  mind  .  .  . 
he  seemed  to  .  .  .  regard  the  wedding  cake  as  .  .  .  as  .  .  as.  .  .  ." 
Then  he  gave  up  all  further  attempts  to  explain  his  meaning. 

I  demanded  what  is  an  emblem  ?  He  answered  at  once  "  Oh  !  an  emblem 
is  a  .  .  .  well  .  .  .  the  Cenotaph  might  be  taken  as  an  emblem  of  sacrifice 
and  adhesion  to  a  great  principle." 

Significance  of  pictures. — He  was  given  a  coloured  picture  of  a  motor  car 
standing  before  a  large  country  house  ;  the  driver,  a  young  man,  was  talking  to 
two  girls,  one  of  whom  held  a  greyhound  by  the  collar.  Asked  the  meaning  of 
this  picture  he  went  over  it  in  detail  from  left  to  right  and  then  back  again 
without  the  least  evidence  of  constructive  appreciation.  He  said  :  "  There  are 
two  trees  on  the  left-hand  side  and  a  house,  perpendicular  columns.  There's 
a  doorway  on  the  right  and  a  window  just  above  it.      There  are  chimneys. 
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Then  there  are  the  side  \Yindows.  Then  there  are  some  small  buildings  at 
the  back,  out-buildings  or  a  lodge,  something  like  that.  Behind  that  there 
are  trees.  Then  tliere's  a  small  hill  ;  at  the  bottom  of  it  there's  a  lake.  In 
the  foreground  there's  a  motorcar;  it's  standing.  Tlie  driver's  a  man,  looks 
like  the  owner  of  the  car,  not  a  chauffeur.  He  is  speaking  to  two  ladies. 
He  appears  to  be  addressing  more  directly  a  lady  with  a  red  hat  and  another 
lady  standing  by  is  holding  a  hound."  Every  detail  was  recognized  correctly; 
but  he  did  not  weld  them  into  a  coherent  whole  and  express  the  meaning  of 
the  picture  in  a  set  of  general  propositions. 

He  was  then  sliown  a  series  of  humorous  sketches  representing  a  spectator 
who,  arriving  late  at  a  play,  strips  off  inadvertently  both  his  coats,  and  is 
taking  his  seat  in  shirt  sleeves  to  the  horrified  amusement  of  the  audience. 
When  I  asked  the  patient  what  he  saw  in  these  pictures,  he  entirely  missed 
the  point.  "  Thei'e's  an  audience,  possibly  a  concert  audience.  The  audience 
is  seated,  waiting  and  ...  a  man  comes  along  wearing  his  coat.  He  has 
some  difficulty  evidently  in  taking  it  off,  whether  real  or  assumed.  The 
audience  seems  greatly  interested.  I'm  not  sure  about  it.  .  .  .  I  was  trying 
to  think  it  might  have  been  part  of  the  performance  ...  or  he  might  have 
got  there  and  seem  to  be  rather  prominent.  It  often  happens  in  a  theatre  that 
somebody  comes  late." 

But,  on  the  other  hand,  he  was  sometimes  surprisingly  quick  in  seeing  the 
point  of  a  picture,  if  it  depended  on  details,  especially  if  each  bore  its  explana- 
tory label.  Thus,  I  showed  him  a  cartoon  of  Winston  Churchill  trying  on  a 
hat  which  was  too  small  for  his  head  ;  behind  on  a  shelf  lay  the  head-gear 
appropriate  to  the  Home  Office,  Board  of  Trade,  Admiralty,  War  Office,  Air 
Ministry  and  Ministry  of  Munitions,  each  bearing  a  label.  Above  stood  an 
unopened  band-box  marked  "The  Premier."  He  said  at  once,  "That,  of 
course,  is  Mr.  Winston  Churchill.  Shortly,  the  point  is  the  statesman  is 
suffering  from  what  is  commonly  called  swelled  head ;  his  head  is  too  big  for 
his  hat.  There  are  many  different  shapes  and  the  caricaturist  has  it  in  his 
mind  that  he  has  worn  them  all  at  one  time  or  another.  There's  the  civilian 
bowler  hat,  the  admiral's  peaked  hat,  the  War  Office  ;  forage  cap  it's  called  in 
the  Air  Ministry,  the  Flying  Corps  ;  then  the  Ministry  of  Munitions  cap, 
indicated  by  something  connected  with  the  workman,  the  labourer."  Then  he 
returned  to  the  left  of  the  picture  and  pointing  to  the  first  on  the  shelf  said, 
"  This  must  be  a  policeman's  helmet "  (correct)  ;  but  he  entirely  missed  the 
hat-box  marked  "  The  Premier  "  and  all  that  it  implied. 

Comprehension  of  qeneral  significance. — He  still  showed  the  same  lack  of 
power  to  grasp  the  general  aim  or  significance  of  a  question,  order,  or  series  of 
propositions.  For  instance,  on  a  sunny  spring  morning  I  said,  before  we 
began  work,  "  I  hope  you  don't  find  it  cold  ;  shall  I  put  the  window  up  ?  " 
He  answered  "  Yes,"  but  as  soon  as  I  began  to  raise  it  he  called  out  "  No,  no." 
Then  he  explained,  "  When  you  said  '  have  the  window  up,'  I  thought  you 
meant  open  .  .  .  more  air.  You  went  to  put  the  window  like  that  "  (waving 
his  hand  upwards)   "  and  I  thought  no,  no,  more  air,  that's  what  I  want." 
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This  is  a  good  example  of  the  confusion  ^vhich  is  hal)le  to  arise  in  his  deahngs 
with  others. 

Starting  from  errors  of  this  kind,  he  was  perpetually  liahle  to  arrive  at 
mistaken  conclusions.  One  day  he  was  waiting  on  the  station  platform  of  his 
native  town,  when  he  saw  a  young  lady  wlio  was  an  old  acquaintance.  His 
brother  told  him  her  name,  said  she  had  gone  away  some  time  ago  and  added 
that  slie  was  now  married.  This  the  patient  strenuously  denied,  asserting  she 
wore  no  wedding  ring.  He  had  looked  for  it  on  what  seemed  to  him  to  be  her 
left  hand,  but  was  in  reality  her  right. 

He  still  had  serious  difficulty  in  appreciating  the  significance  of  summer 
time.  He  gave  a  pei'fect  definition  of  summer  as  "  the  season  at  which  the 
sun  approaches  nearest  to  the  earth  and  the  days  are  longer  and  the  heat  more 
intense."  Asked  what  he  understood  by  time,  he  answered  "Time  is  the 
length  of  a  day  reckoned  as  twenty-four  hours  subdivided  into  dav  and  night." 
He  now  recognized  that  summer  time  consisted  in  arranging  the  hands  of  the 
clocks  on  a  certain  date  "  so  that  there  may  be  more  day-hght  during  ordinary 
working  hours."  But  he  could  not  be  certain  what  happened  to  the  clocks. 
"  This  bothers  me,"  he  said,  '"  very  much  all  through,  more  especially  when  we 
come  back  again  to  winter  time  at  the  end  of  the  season  ;  I  seem  to  want  to 
tell  you  in  one  clear  sentence  what  happened,  when  the  clocks  were  altered  to 
normal  time  ;  I  seemed  to  get  muddled  between  two  things." 

Arithmetic. — He  was  extremely  slow  in  carrying  out  the  simplest  arith- 
metical exercises  and  took  twenty  minutes  over  the  following  examples  without 
being  able  to  complete  the  last  one  : — 

Addition.  Subtraction. 

231        6i8        85G  865        782        912 

356         326         275  432         258         386 

587         gu       1131  433         524  26 

He  brought  out  the  answer  to  the  first  sum  fairly  quickly,  but  the  second 
caused  him  extreme  difficulty  ;  he  gave  it  up,  but  insisted  on  returning  to  it 
later,  and  finally  completed  it  correctly.  The  answer  to  the  first  subtraction 
came  with  moderate  ease,  but  the  second  was  enormously  prolonged,  and  the 
third  of  the  series  was  not  completed. 

He  complained  "  I  found  difficulty  in  them  all.  I  found  the  subtraction 
more  difficult  than  the  addition.  When  there  was  a  carry,  it  seemed  to  be 
more  difficult.  What  I  feel  about  it  is  .  .  .  if  I  were  to  begin  my  education, 
like  a  boy  at  school,  I  shouldn't  know  where  to  begin.  In  those  sums  you 
gave  me  I  did  the  addition  almost  involuntarily,  I  think  the  results  of  former 
practice.  The  subtraction  .  .  .  the  simplest  one,  I  did  it  in  the  more  or  less 
involuntary  way  .  .  .  but  with  the  more  difficult  I  liad  to  tliink  what 
subtraction  really  meant." 

Coins  and  their  relative  value. — Money  in  all  its  forms  was  named 
accurately  and  with  great  rapidity  ;  even  notes  were  distinguished  without  fail. 
But,  when  he  was  asked  to  state  the  relative  value  of  any  two  coins,  he 
answered  slowly  and  with  hesitation,  although  he  made   one  actual  mistake 
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only  in  a  series  of  eighteen  observations,  saying  that  twelve  sixpences  went  to 
a  shilling. 

He  still  had  extreme  difficulty  in  calculating  the  change  lie  sliould  receive 
after  making  a  purchase.  His  tobacco  now  cost  him  a  shilling  an  ounce  ;  he 
would  ask  for  two  ounces,  placing  a  two-shilling  piece  on  the  counter  ;  if  he 
wanted  a  box  of  matches  in  addition,  he  waited  until  the  first  transaction  was 
over  and  then  took  a  penny  from  his  pocket,  so  as  to  avoid  the  diflQculties  of 
change.  Should  he  happen  to  have  nothing  less  than  a  ten-shilling  note,  with 
which  to  pay  for  his  tobacco,  he  asked  the  tobacconist  to  give  him  florins  only 
(two-shilling  pieces)  ;  these  he  counted,  "one,  two,  three,  four,"  and  he  knew 
that  four  was  the  riglit  number.  But,  if  he  was  given  the  cliange  in  shillings, 
he  was  lost.  "  I  don't  like  getting  a  half-crown  (two  and  sixpence)  in  change ; 
it  puzzles  me.     I  know  the  tobacconist,  if  he  liked,  could  cheat  me." 

Draniiuj. — A  glass  jug  of  simple  form  was  placed  on  the  table  in  front  of 
him  and  he  made  a  feeble  representation  of  its  outlines.  Ten  minutes  later, 
on  attempting  to  reproduce  the  jug  from  memory,  he  exactly  repeated  his 
previous  drawing  ;  he  was  evidently  recalling  his  motor  acts  and  did  not  rely 
on  his  visual  images  to  help  him  in  this  task. 

Asked  to  draw  an  elephant,  he  produced  a  scrawl  which  bore  no  relation  to 
any  known  animal ;  he  omitted  the  trunk  and,  when  I  enquired  if  he  had  left 
out  anything,  he  said,  "  Elephant's  nose  ;  I'm  not  sure  where  the  nose  ought  to 
be."  I  then  told  him  to  draw  the  head  only  and  he  l)ecame  completely 
confused. 

He  then  said,  "  I'll  draw  you  a  bee-skep "  and  proceeded  to  do  so 
accurately,  giving  the  exact  form  of  the  Dutch  hive  they  were  using,  together 
with  the  stand  and  the  tin  cover  to  keep  off  the  rain. 

Plan  drawing  and  relative  position  of  objects  in  space. — When  removed 
into  another  i*oom,  he  was  unable  to  draw  a  plan  of  the  one  in  which  we  had 
so  often  worked ;  the  windows  were  placed  on  the  wrong  side  and  the 
relation  of  the  main  door  to  the  fire-place  was  reversed.  So  far  this  examina- 
tion confirmed,  but  added  nothing  to,  my  previous  observations.  But  from 
this  point  onwards  I  modified  my  procedure  as  follows.  I  made  him  shut 
his  eyes  and  point  to  the  position  of  the  various  objects  as  I  named  them, 
which  he  did  perfectly.  His  eyes  were  tlien  opened  and  I  put  before  liim  an 
outline  plan,  on  which  he  indicated  with  his  finger  the  place  of  the  various 
pieces  of  furniture  ;  this  he  carried  out  correctly  in  ever\-  instance.  Finally, 
I  asked  him  again  to  draw  a  plan  of  the  room  in  which  we  worked  and  he  was 
now  able  to  do  so,  at  any  rate  as  far  as  its  main  features  were  concerned.  He 
said,  "  When  you  asked  me  to  do  this  first  I  couldn't  do  it.  I  couldn't  get  the 
starting  point.  I  knew  where  all  the  things  were  in  tlie  room,  but  I  had 
difficulty  in  getting  a  starting  point,  when  it  came  to  setting  them  down  on  a 
plan.  You  made  me  point  out  on  the  plan  and  it  was  quite  easy,  because  you 
had  done  it.  After  things  were  pointed  out,  I  retained  them  in  m>'  memory 
and  got  them  down  on  paper  quite  easily." 

Visual  images. — A  few  days,  after  I  had  tested  his  power  of  drawing,  he 
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volunteered  the  following  introspective  remarks :  "  I  thought  of  what  \ou 
asked  me  to  do,  drawing  the  glass.  In  lied  I  was  trying  to  think  about  it.  I 
was  trying  to  see  the  glass  bottle  ;  the  picture  seemed  to  evade  me.  I  knew 
it  was  a  bottle  and  I  could  describe  the  shape  of  it,  and  I  remember  making  a 
drawing  of  it,  and  I  could  describe  the  drawing.  But  then,  wlien  it  came  to 
seeing  it  as  a  picture,  I  was  more  or  less  nonplussed.  I  often  seemed  to  have 
got  the  picture,  but  it  seemed  to  evade  me." 

"  There  is  a  photograph  of  my  wife,  whicii  is  hanging  in  the  bedroom.  I 
can  see  that ;  the  expression  in  that  photograph  is  very  good,  I  can  see  that." 

"  I  can  see  the  bee  alighting  on  the  alighting  board.  I  see  it  quite  clearly. 
Now,  for  instance,  our  hives  are  painted  in  two  colours,  one  green,  one  white. 
I  can  see  a  bee  alighting  on  the  alighting  board,  say,  for  instance,  yellow- 
coloured  pollen.     Yes,  I  can  see  that  quite  clearly." 

"  The  more  I  try  to  ...  to  make  them  come  the  more  difficult  it  is  to  get 
in  touch  with  them,  as  one  might  say.'' 

Orientation. — He  was  completely  unable  to  find  his  way  alone.  He  never 
took  his  bearings  and,  if  he  was  going  to  a  place  for  a  second  time,  did  not 
recognize  landmarks  or  appreciate  that  he  was  passing  over  tlie  same  ground 
again.  He  did  not  know  which  way  to  turn,  and  if  he  chanced  to  take  the 
opposite  side  of  the  road,  became  confused  and  was  ignorant  in  which  direction 
to  walk. 

Given  the  number  of  a  turning  to  the  right  or  left,  he  could  never  find  it 
correctly  ;  but,  told  to  take  the  "next  on  this  side,"  he  was  able  to  do  so. 
Left  and  riglit  puzzled  him  greatly  ;  he  tried  to  work  them  out  by  thinking 
wliich  was  the  left  half  of  his  body  and  frequently  brought  out  an  incorrect 
answer. 

Belation  of  objects  to  one  another. — His  inability  to  remember  the  relation 
of  external  objects  to  one  another  came  out,  when  he  was  given  a  mechanical 
task.  He  made  the  four  portions  of  a  bee-hive  under  supervision  of  the 
instructor,  but  was  unable  to  put  them  together.  He  was  incapable  of  wiring 
his  bee-frames  except  by  passing  the  wire  backwards  and  forwards  in  direct 
sequence  from  side  to  side. 

I  placed  before  him  all  the  breakfast  utensils  requisite  for  one  person,  and 
asked  him  to  set  the  table.  He  quickly  placed  the  cup,  the  saucer  and  the 
plate  correctly.  Then  he  became  confused,  laid  the  knife  across  the  plate  and 
removed  it,  set  the  spoon  to  the  right  of  the  plate  and  took  it  away  again  ; 
finally,  after  much  hesitation,  he  placed  the  fork  to  the  left,  the  knife  to  the 
right  and  the  spoon  above  the  plate.  Subsequently  he  set  the  remaining 
objects  such  as  the  sugar  basin,  salt-cellar  and  pepper-pot  in  their  appropriate 
positions. 

He  explained  his  difficulty  in  carrying  out  the  task  as  follows  :  "  There  was 
something  missing,  something  unusual.  I  got  the  knife  and  fork,  I  couldn't 
find  ...  let  us  say  the  bacon  and  eggs.  Then  the  spoon  puzzled  me  ;  I 
wasn't  quite  sure  why  it  was  there.  If  I  was  laying  my  own  breakfast  table 
I  should  know,  because  I  always  take  porridge.     If  I  saw  the  spoon,  I  should 
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look  for  the  bowl  for  the  milk  and  so  on  ;  but  there  seemed  nothing  like  that, 
and  so  I  thought  the  best  way  out  of  the  ditticulty  was  to  place  the  spoon  in 
a  position  in  which  it  might  be  convenient  for  any  purpose." 

'"  I  always  try  to  have  the  things  in  my  bedroom  in  exactly  the  same  posi- 
tion. If  I've  got  to  think  where  they  are  and  look  for  them,  I  get  muddled  ; 
I  lose  time.  I  have  them  all  in  the  same  order  ;  then  I  don't  have  to  think. 
If  I  have  to  look  for  them  I  am  bothered.  If  I  go  to  a  strange  room,  it's  a 
more  diflficult  job  to  dress  and  takes  an  appreciably  longer  time  tlian  if  I  am 
at  home." 

(Tames  and  puzzles. — He  could  not  play  any  games  or  amuse  himself  with 
puzzles.  I  played  draughts  with  him,  simplifying  the  game  by  removing  one 
of  the  three  rows  of  men  on  either  side.  He  complained,  on  being  beaten  with 
the  greatest  ease,  "  The  chief  bother  was  trying  to  follow  the  consequences  of 
the  next  move.     I  couldn't  foresee  what  would  happen." 

He  had  never  been  good  at  billiards  and  now  could  not  play  at  all.  "  Some- 
how the  three  balls  put  me  out  of  it.  Even  with  two  balls  my  stroke  w^as 
indifferent,  but  if  I  wished  to  cannon  I  seemed  to  think  of  the  three  actions 
necessary  to  be  made.  As  a  consequence  I  became  muddled,  I  couldn't  make 
a  cannon.  A  straight  shot  with  two  balls  was  not  so  bad,  but  the  third  ball 
confused  me.  I  seemed  to  think  of  the  three  functions  at  the  same  time  and 
got  muddled." 

I  therefore  tried  the  following  experiment.  A  basket  was  placed  at  the  end 
of  the  room  and  he  threw  balls  of  paper  into  it,  even  more  accurately  than  I 
could  ;  but,  when  I  placed  a  screen  in  front  of  it,  his  shots  became  extremely 
bad,  and  he  said  "  When  I  could  see  the  basket,  I  could  follow  the  line  of 
vision  ;  when  it  was  covered,  I  didn't  seem  to  feel  so  confident  it  was  in  the 
same  place,  I  don't  know  why.  I'd  seen  the  basket  before  you'd  put  the 
screen  there;  I  knew  you  hadn't  changed  the  position,  but  in  some  odd  way  I 
didn't  feel  perfectly  confident  in  my  own  mind  that  it  was  in  tliat  position." 

Serial  Tests. 

(1)  Recognition  and  naming  of  common  objects.- — All  these  tests,  except 
that  of  writing  the  name  of  an  object  shown  to  him,  were  now  carried  out 
perfectly.  His  handwriting  had  greatly  improved,  he  spelt  the  words 
correctly,  but  still  tended  to  hurry  as  if  he  were  afraid  of  forgetting  what  he 
had  to  do.  During  these  observations  he  said,  "  I  felt  quite  confident.  But 
there  was  an  odd  thing  the  other  day.  I  was  down  at  carpentry  ;  the  man  had 
different  bits  of  wood,  he  was  going  to  number  them.  I  couldn't  make  the  A 
and  the  C  ;  I  made  the  B,  I  couldn't  make  the  D." 

Thus  in  spite  of  his  perfect  writing  he  is  still  uncertain  about  the  formation 
of  individual  letters  to  command ;  this  corresponds  with  the  results  obtained 
when  he  was  made  to  write  the  alphabet. 

(2)  Becognition  and  naming  of  colours. — He  carried  out  all  these  tasks 
without  any  material  mistake,  but  evidently  found  some  difificulty  in  writing 
the  names  of  the  colours,  although  he  spelt  them  correctly.     This  he  explained 
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as  follows  :  "  The  only  difficulty  had  nothing  to  do  with  the  colours.  You 
called  it  violet  :  I  named  it  mauve.  The  same  with  orange ;  the  colour  was 
quite  familiar,  but  the  term  orange  did  not  seem  to  come  to  me.  I  compro- 
mised by  calling  it  light  brown,  which  was  not  quite  the  correct  colour.  But, 
when  you  said  orange,  I  was  quite  certain  that  it  was  orange."  Whenever  lie 
was  in  doubt,  his  handwriting  deteriorated  and  he  formed  the  word  hurriedly. 

(3)  The  man,  the  cat  and  the  dog  test. — He  was  already  able  to  carry  out 
this  test  perfectly  in  June,  1919,  and  the  records  obtained  in  May,  1921,  were 
equally  good. 

At  the  close  of  these  observations  he  volunteered  the  following  statement : 
"  I  can  see  a  man  with  his  trousers  cleanly  cut.  He  is  tall  and  straight ;  he 
has  a  hat  on,  and  is  clean-shaven."  1  said,  "  Tell  me  about  the  dog."  He 
answered,  "  The  dog  has  short  legs,  like  a  terrier,  roughish  coated  ;  maybe 
a  Scotch  terrier."  Q:  "Now  about  the  cat?"  A:  "It's  an  ordinary  cat; 
the  whiskers  are  rather  evident.  I  think  she  is  sitting,  not  lying  down  ;  but  a 
cat  rests  on  her  hind  legs,  the  position  a  cat  has  when  she's.  .  .  .  Her 
weight  is  on  that  part  of  her  ...  it  corresponds  to  our  ...  let  me  see  .  .  . 
the  femur  isn't  if?  She's  just  sitting  up,  on  her  haunches,  that's  the  word  I 
wanted." 

(4)  The  clock  tests.— {^ee  Table  YI.) 

Direct  imitation  was  carried  out  exactly,  and  he  set  the  hour  hand  in  a 
position  proportionate  to  the  minutes.  Oral  and  printed  commands  were  badly 
executed,  he  made  many  mistakes,  mistook  the  hands,  and  was  slow,  hesitating, 
and  uncertain  of  the  correctness  of  his  final  choice.  Commands  given  in 
railway  time  yielded  better  results,  especially  if  they  were  printed  ;  he  held 
the  card  before  him  until  he  had  finished  setting  the  clock,  looking  back 
repeatedly  for  correction  and  reassurance.  He  said,  "  It  was  much  easier ;  I 
could  get  a  starting  point.  You  see  the  main  thing  that  really  mattered  was 
the  unit,  two  o'clock  :  the  other  matters  were  subsidiary."  Thus,  when  the 
order  was  given  in  railway  time,  he  set  the  hour  and  then  the  minutes  ; 
whereas  if  these  preceded  the  number  of  the  hour,  as  with  the  ordinary 
nomenclature,  he  became  confused.  He  could  now  both  tell  the  time  and  write 
it  correctly. 

(5)  Tlie  coin  bond  test. — In  June,  1919,  his  answers  to  verbal  commands 
were  slow  and  somewhat  uncertain,  but  finally  correct.  He  made  no  mistakes 
and  was  quicker  and  more  certain  to  printed  commands  ;  but  he  held  the  card 
in  his  hand  and  repeatedly  referred  to  it  for  confirmation. 

By  May,  1921,  all  hesitation  had  disappeared  and  this  test  was  carried  out 
perfectly.  "I  have  practically  no  difficulty.  I  take  the  penny  and  I  say 
'  first  into  third  '  (no  word  is  uttex'ed).  I  just  consider  for  a  moment  and  then 
I  get  it." 

(6)  The  hand,  eye  and  ear  tests.— {^ee  Table  YII.) 

He  still  had  difficulty  in  imitating  movements  made  by  me,  or  represented 
pictorially.  Eeflection  in  the  glass  did  not  materially  improve  his  answers. 
Oral  and  printed  commands,  carried  out  silently,  gave  better  results  and,  when 
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ho  was  allowed  to  read  the  order  aloud,  he  executed  it  without  fail.  Writing* 
down  the  movements  made  hy  me  gave  him  considerahle  trouble :  he  was  slow 
and  hesitating  and  made  several  mistakes. 

Condition  seven  years  after  the  Injury  {Fehruari/  27  to  March  5,  1923). 

He  took  a  cottage  in  the  West  of  England  in  order  to  carry  on  his  business 
of  bee-keeping.  At  first  all  went  well  and  he  was  happy  ;  but  griiduall>  the 
strain  and  worry  of  the  hard  work  began  to  tell  upon  him.  Tiie  little  house 
was  badly  constructed  and  the  winter  storms  beat  upon  its  tin  roof  like  hail, 
preventing  him  from  obtaining  a  sufficient  amount  of  sleep.  The  new  hives, 
ordered  from  the  makers  to  an  exact  measure,  deviated  from  scale  and  could 
not  be  readjusted  ;  this  troubled  him  greatly-  Finally,  the  bees  turned  out  to 
be  infected  with  disease ;  the>  had  to  be  destroyed  and  all  the  capital  and 
labour  expended  by  the  two  young  people  were  lost. 

Throughout  this  year  he  steadily  deteriorated  and  on  August  25,  1922,  was 
seized  with  an  epileptiform  attack  whilst  in  bed  ;  he  lost  consciousness,  became 
rigid,  but  there  was  little  "jerking."  He  did  not  bite  his  tongue  or  pass  urine. 
This  fit  was  followed  by  greatly  increased  "  nervousness  "  and  tendency  to  con- 
fusion. The  weather  was  extremely  bad  and  he  went  out  of  doors  very  little ; 
sleep  deserted  him  and  he  ceased  to  take  sufiBcient  food.  Finally  he  and  his 
wife  were  forced  to  give  up  the  experiment  with  the  close  of  the  year. 

Wlien  1  saw  him  in  February,  1923,  the  wound  was  in  perfect  condition, 
firmly  covered  with  tough  scar  tissue,  painless  and  not  tender  to  the  touch  ; 
it  did  not  pulsate.  The  discs  were  unaffected  and  there  were  no  abnormal 
physical  signs  of  any  kind,  apart  from  his  disorders  of  speech. 

Articulated  speech  was  not  affected  except  that  he  tended  to  become  con- 
fused and  to  pause  in  narration  like  a  man  who  has  lost  the  thread  of  what  he 
wanted  to  say.  Verbal  formation  and  syntax  w'ere  perfect.  He  could  name 
common  objects,  geometrical  shapes  or  colours  without  difficulty  and  repeated 
everything  said  to  him  witii  ease. 

Under  stand  inq  of  spoken  words. — He  was  still  in  exactly  the  condition 
described  on  p.  511.  He  chose  any  object  shown  to  liim  witli  certaint\  and 
even  carried  out  the  hand,  eye  and  ear  tests  to  oral  commands.  But  lie  made 
many  mistakes  in  setting  the  hands  of  a  clock,  provided  the  order  was  given  in 
words  ;  if  however  it  was  in  the  form  of  numbers,  the  so-called  railway  time, 
he  executed  it  correctly. 

Tlii^  tendency  to  confusion  was  even  more  apparent  in  general  intercourse; 
but,  in  spite  of  these  misunderstandings,  he  gave  repeated  evidence  of  consider- 
able powers  of  appreciation. 

lieadiuff. — He  still  had  considerable  difficulty  in  grasping  the  full  signifi- 
cance of  what  he  read  to  himself,  althougli  he  could  choose  common  objects, 
geometrical  shapes  and  colours  accurately  to  printed  commands.  The  hand, 
eye  and  ear  tests  were  executed  slowly  but  correctly,  and  yet  he  made  many  errors 
in  setting  the  hands  of  a  clock,  when  the  order  was  given  in  the  usual  nomen- 
clature. On  the  other  hand  commands  in  railway  time  were  carried  out  with 
no  mistakes  though  sometimes  slowly. 
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He  read  aloud  perfecth" ;  enunciation  and  rhythm  were  normal  and  he  was 
ahle  to  understand  the  meaning  of  printed  sentences  better,  if  he  was  permitted 
to  articulate  the  words. 

Writing. —Re  still  wrote  with  great  rapidit\-,  as  if  he  were  afraid  of  for- 
getting what  he  intended  to  place  upon  paper,  and  his  handwriting  suffered  in 
conse(iuence.  Name  and  address  were  written  correctly  and  he  composed  a 
letter  of  considerable  length,  which  was  on  the  whole  remarkably  coherent. 

He  wrote  well  to  dictation  and  copied  accurately  from  print,  but  his  hand- 
writing was  hurried  and  poorly  formed. 

The  alphabet. — He  could  say  the  letters  in  correct  sequence,  repeat  tliem 
after  me  and  read  them  aloud  perfectly.  But,  when  he  attempted  to  write  the 
alphabet,  he  was  liable  to  become  confused.  Thus  he  wrote  :  a  b  b  c  d  e  f  g  h 
s  ^    iiv,j  k.     The  remainder  were  written  correctly.     At  the  end  he  said,  "  I 

made  a  mistake  there"  (pointing  to  the  letter  preceding  c),  "l  was  conscious 
of  it ;  I  had  c  in  my  mind's  eye ;  I  went  to  make  it,  but  it  seemed  to  act  of  its 
own  accord  and  I  went  wrong.  With  /,  just  the  same  sort  of  thing  occurred  ; 
I  couldn't  get  on  with  the ./  properly  and  I  put  a  capital,  which  seemed  to  come 
easier."  It  is  noticeable  that  he  wrote  each  letter  very  quickly,  as  if  afraid  of 
forgetting  what  he  w^anted  to  write.  To  dictation  he  made  exactly  the  same 
mistakes,  writing  a  b  b  c  d  e  f  g  H  i  h  j  i  j  h,  kc.  Even  when  copying  from 
printed  capitals  he  wrote ./  /  for  I,  and  .s  j  for  J,  although  the  other  letters  were 
correctly  transcribed  in  cursive  script.  Given  the  twenty-six  block  letters,  he 
put  them  together  in  the  right  sequence  saying  :  "That's  quite  easy  because  I 
do  one  thing  at  a  time  ;  I  know  what  ought  to  come  next  and  seeing  the  letter 
confirms  it.  ' 

A  printed  paragraph. — I  selected  the  following  description  from  Dickens,  to 
serve  as  a  test :  "  The  gentleman  spoken  of  had  a  ver\-  ugly  squint  and  a 
prominent  chin.  He  was  wearing  a  tall  white  hat  with  a  narrow  flat  Ijrim 
and  riding  breeches  with  yellow  leather  gaiters.  He  carried  in  his  hand 
a  switch,  with  which  he  tapped  his  boots,  as  he  talked  in  a  hoarse  voice." 

Asked  what  he  had  understood,  after  reading  tliese  sentences  silently,  he 
replied  :  "  The  passage  tells  of  a  pecuhar  looking  man.     He  had  a  prominent 
chin  and  an  ugly  squint.     He  wore  riding  breeches  and   yellow  gaiters.     He 
carried  in  his  hand  a  switch,  with  which  he  tapped  his  riding  breeches  . 
his  gaiters  .  .  ."" 

He  read  this  paragraph  through  once  more  to  himself  and  wrote  down  the 
following  account  •  "  The  gentleman  spoken  of  had  a  prominent  chin  and  an 
ugly  squint.  He  wore  riding  Ineeches  and  yellow  gaiters.  He  carried  in  his 
hand  a  switch  with  from  time  to  time  he  tapped  his  riding."  The  spelling  was 
correct  but  the  writing  was  bad  and  became  worse  towards  the  end  ;  two  words 
were  omitted  in  the  last  sentence. 

These  sentences  were  read  aloud  from  print  perfectly  and  he  both  copied 
and  wrote  them  to  dictation  without  error  or  omission  ;  but  the  writing  was 
hurried  and  poor.  During  the  act  of  copying  he  said,  "  Sometimes  when  I"m 
writing,  I  don't  form  a  letter  properly,  and  when  I  go  back  over  it  again,  I 
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get  puzzled     .     .     .     from  the  fullstop  the  continuity  is  lost  and  tlie  writing 
doesn't  flow  easily." 

I  then  asked  him  to  narrate  to  me  what  he  remembered  of  the  paragrapli 
he  had  so  often  read  and  transcribed.  He  replied,  "  Tlie  gentleman  spoken  of 
had  a  prominent  chin  and  an  ugly  squint.  He  wore  ...  he  wore  riding 
breeches  and  yellow  gaiters.  .  .  .  He  .  .  .  carried  in  his  hand  a 
switcli  .     .     with  which     .     .     .     from  time  to  time     ...     he  rapped 

.     .     .     his  riding  boots.     There's  another  point  I  have  left  out ;   he  wore  a 
tall  hat  with  a  narrow  Hat  brim     .     .     .     There  is  still  another  piece. 
It's  all  cliopping  and  changing.     ...     I  have  forgotten  iMeces  of   it  and 
things  occur  to  me  as  I  go  over  it  again." 

I  then  handed  him  a  list  of  the  various  details  mentioned  in  this  description, 
arranged  in  a  vertical  column  (ugly  squint ;  prominent  chin  ;  tall  white  hat ; 
narrow  flat  brim  ;  riding  breeches ;  yellow  gaiters ;  carried  a  switch  ;  tapped  his 
boots :  talked  in  a  hoarse  voice).  The  whole  set  were  reproduced  correctly 
from  memory,  although  in  changed  order.  In  fact,  liis  memory  tested  in  this 
way  was  remarkable  and  he  explained,  "  If  I  get  them  in  any  order,  just  as 
recollection  comes  to  me  ...  as  soon  as  a  word  comes  to  me,  I  must 
grasp  it  in  case  it  escapes  me.  ' 

XiDubers  and  arithmetic. — He  counted  accurately  and  without  hesitation, 
each  number  following  its  predecessor  in  rapid  sequence. 

He  still  found  great  difficulty  in  carrying  out  simple  exercises  in  arithmetic, 
and  his  answers,  even  when  correct,  were  given  slowly  and  with  hesitation : — 

Addition.  Subtraction. 

231        648        856  865        782        912 

350         326         375  432         258         386 

587         974       1131  433         544         524 

(wrong)  (wrong) 

Coins  and  their  relative  value. — Coins  and  notes  were  named  accuiately  and 
he  was  now  able  to  state  their  relative  value  witliout  mistakes,  although  he 
was  somewhat  slow  and  uncertain.  But  lie  still  found  much  difliculty  with 
change  in  the  transactions  of  daily  life. 

I  gave  him  a  ten-shilling  note  and  asked  him  to  pile  up  its  equivalent  from 
amongst  the  coins  on  the  table  ;  this  lie  carried  out  witli  some  effort  correctly. 
I  then  handed  him  the  same  note,  and  telling  him  I  had  bought  something  for 
two-and-six,  asked  for  change.  This  puzzled  him  gi'eatly  ;  for  although  he  said 
"  seven-and-six,"  he  had  great  difficulty  in  collecting  the  coins  to  make  up 
this  sum.  I  gave  him  the  same  note  once  more  and  said  I  had  purchased 
something  for  "  three-and-three  ;  "  this  he  was  entirely  unable  to  work  out. 
He  complained,  "  It  is  parts  of  a  sliilling  that  bother  me  and  a  halfpenny 
makes  it  worse ;  I  get  confused  and  lose  the  significance  of  the  figures." 

Drawing. — "When  a  painted  jug  was  placed  before  him  he  made  a  recog- 
nizable outline  drawing,  poorly  executed  and  omitting  the  pattern.  The  lines 
were  feeble  and  uncertain,  and  a  child  could  have  done  better. 
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A  quarter  of  an  hour  later  he  reproduced  it  from  memory  with  the  same 
faults  and  omissions,  saying,  "  I  can  see  the  jug  in  front  of  me  as  I  draw  it. 
I  can  see  tlie  general  sliape,  tlie  colours  ;  there's  blue  and  green  and  an  eastern 
colour.  I  didn't  take  notice  of  tlie  pattern.  Then  there  was  the  shape  of  the 
jug,  a  sloping  shape,  wider  at  the  base  than  further  up.  The  lip  was  slightly 
broken.  Then  there  was  the  handle,  an  ordinary  old-fashioned  handle,  except 
that  there  were  one  or  two  excrescences  or  rather  knobs."  All  these  details 
were  absolutely  correct,  but  they  were  not  represented  on  his  drawing  ;  in  fact, 
this  is  another  example  of  his  remarkable  power  of  remembering  isolated 
aspects  of  some  object  or  event  without  the  ability  to  combine  them  into  a 
general  whole. 

Asked  to  draw  an  elephant,  he  produced  a  childishly  inadequate  body  and 
legs,  and  was  hopelessly  puzzled  over  the  head.  He  said.  It's  awfully 
diti'erent ;  it's  hard  to  work  in  the  details,  to  find  where  the  details  ought  to 
go."  But  when  I  drew  an  outline  of  the  animal,  leaving  blank  the  eye,  ear, 
trunk  and  mouth,  he  inserted  all  but  the  ear  correctly,  naming  them  as  he 
did  so. 

Told  to  draw  anything  he  liked,  he  made  an  excellent  outline  picture  of  a 
Dutch  beehive,  pointing  out  the  high  entrance  which  distinguished  it  from  the 
English  form,  and  indicated  the  bees  on  guard  before  the  opening. 

Memory  and  images. — There  can  be  little  doubt  that  he  still  retained  con- 
siderable powers  of  visual  imagery,  although  he  could  not  always  employ  it  at 
will  for  the  purposes  of  language.  He  not  only  described  to  me  the  colour 
and  form  of  the  jug  given  him  as  a  model,  but  when  I  asked  him.  Do  you 
remember  the  man,  the  cat  and  the  dog  I  showed  you  yesterday?  "'  he  replied 
as  follows  :  "  Yes,  a  tall  thin  man  ;  I  think  he  had  a  tall  hat ;  I  see  him,  but 
I'm  not  clear  of  other  details.  He  must  be  clean  shaven  ...  he  had 
ordinary  trousers  ...  I  can't  remember  any  detail  about  his  coat.  The 
dog  .  .  .  the  dog  was  a  short  thick-set  type  of  dog,  something  like  an 
Aberdeen  terrier  .  .  .  There  was  shading  on  the  picture  to  show  his 
rough  coat  ...  I  think  he  was  looking  to  the  left.  The  cat  was  sitting 
on  her  haunches  .  .  .  she  had  the  usual  .  .  .  the  usual  prominence 
was  given  to  her  whiskers."  I  asked  if  he  could  see  them  clearly,  and  he 
answered,  "  Yes,  I  can  see  the  cat  sitting,  and  the  shaggy  dog,  and  the  man 
.     yes." 

He  frequently  gave  evidence  of  a  startling  memory  for  detail  ;  for  instance, 
set  to  write  me  a  letter,  he  remembered  what  he  had  written  some  years  before 
and  amplified  it  on  the  second  occasion.  He  visited  a  friend  who  had  been  a 
fellow  officer  in  the  same  regiment,  and  astonished  him  by  an  extensive  memory 
of  the  men's  names  and  peculiarities.  Even  when  he  did  not  know  the  name, 
he  could  describe  the  man  sufficiently  accurately  to  be  recognizable.  His 
mind  contained  a  mass  of  detail  which  he  had  difficulty  in  utilizing  for  the 
logical  sequence  of  a  general  statement. 

Significance  of  2iictures. — These  tests  revealed  the  same  difficulties  as  before, 
and  he  entirely  failed  to  appreciate  the    meaning  of  the  humorous  picture  of  the 
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man  who  inadvertently  removed  liis  two  coats  on  entering  a  theatre.  He 
added,  "  Apparently  there's  a  joke  somewhere,  but  I  haven't  been  able  to  see 
what  it  really  is.  " 

Orientation  and  plan-drawing. — He  still  had  extreme  difficulty  in  finding 
his  way,  and,  although  he  had  passed  down  a  street  many  times,  he  never 
recognized  which  turning  to  take.  When  travelling  by  the  Underground 
Railway,  his  wife  was  obliged  to  push  him  off  tlie  moving  staircase ;  for  he  was 
always  completely  puzzled  how  to  step  from  it  at  the  end. 

Another  set  of  observations  to  test  his  power  of  drawing  a  plan,  carried 
out  in  the  same  order,  brought  out  exactly  similar  results  to  those  described 
on  p.  516. 

Serial  Tests. 

(1)  Recognition  and  naming  of  common  objects  and 

(2)  of  colours  were  carried  out  perfectly  and  tlie  names  were  written  down 
without  mistakes. 

(3)  The  man,  cat  and  dog  tests  gave  him  no  ditiiculty. 

(4)  The  clock  tests.— (See  Table  YIII.) 

This  table  shows  a  remarkable  resemblance  to  that  obtained  two  years 
before  (p,  520),  ample  testimony  to  the  trustworthiness  of  the  tests.  He  could 
tell  the  time  and  write  it  down  correctly.  Oral  and  printed  commands  still 
gave  him  considerable  difficulty  if  presented  in  ordinary  nomenclature,  but  could 
be  executed,  tliough  slowly,  if  the  order  was  in  railway  time. 

(5)  The  coin-boicl  test  was  performed  without  mistakes. 

(6)  The  hand,  eye  and  ear  tests. — (See  Table  IX.) 

Although  the  actual  results  were  somewhat  better  these  records  corre- 
sponded closely  to  those  obtained  two  years  liefore  (p.  521).  He  had  regained 
some  further  power  to  imitate  my  movements  and  to  perform  pictorial  com- 
mands :  but  he  was  still  puzzled  when  they  were  reflected  in  the  glass,  and, 
although  the  actual  errors  were  not  numerous,  his  actions  were  slow  and 
uncertain.     He  could,  however,  write  down  my  movements  without  fail. 
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Handbuclt  der  Neurologie.  Von  M.  Lewandowsky.  Erganzungsband, 
Erster  Teil.     Berlin  :  Julius  Springer.     19*23.     Price  20s. 

This,  the  first  part  of  the  supplementary  volume  of  Lewandowsky's  "  Hand- 
buch  der  Neurologie,"  is  concerned  with  subjects  on  which  our  knowledge 
has  been  enriched  by  the  experiences  of  the  war.  It  contains  five  separate 
articles.  The  first,  by  Birnbaum,  is  devoted  to  the  special  forms  of  the 
psychopathies  and  psychoses  observed  during  the  war,  particularly  to  their 
nature  and  their  direct  and  indirect  causal  factors.  Many  of  the  conclusions 
are  important,  as  that  there  is  no  evidence  that  the  strain  of  war  or  even  head 
injuries  received  during  it  have  had  any  influence  on  the  origin  or  course  of 
general  paralysis  and  other  organic  insanities.  The  war  has  apparently  led  to 
little  or  no  increase  in  insanity  in  Germany,  a  fact  which  indicates  that  many 
exogenous  factoi's  on  which  much  weight  has  been  laid  are  of  little  or  no 
importance.  The  influence  of  the  war  is  seen  in  the  increase  of  hysterical 
rather  than  psychiatric  manifestations,  and  the  tendency  of  the  latter  to  assume 
hysterical  features. 

In  the  following  sections  Bumke  deals  with  tlie  neuroses  of  war,  Lange 
with  their  treatment,  and  Kehrer  with  the  symptomatology  of  hysteria  and 
neurasthenia.  Bumke's  short  article  on  the  nature  of  the  neuroses  is  extremely 
interesting ;  he  denies  that  subconscious  factors  play  any  important  part  in 
their  pathogenesis.  Kehrer's  section  contains  little  that  is  new,  though  he 
records  many  rare  and  curious  symptoms.  Lange  reviews  the  many  methods 
of  treatment  that  have  been  tried.  Hypnotism  has  been  apparently  much 
employed  in  Germacy,  but  emphasis  is  also  laid  on  the  value  of  suggestion  in 
various  forms,  isolation  and  regulated  work.  By  these  methods  90  to  95  per 
cent,  of  cures  have  been  obtained,  but  recurrences  often  occurred  during  the 
war.     Psycho-analysis  is  rarely  required  or  of  use. 

Eedlichs  article  on  epilepsy  is  mainly  a  review  of  the  literature  of  the  last 
ten  years  on  this  disease.  As  he  concludes  that  military  service  has  had  little 
or  no  influence  on  epilepsy,  it  is  with  the  disease  as  seen  in  ordinary  circum- 
stances that  he  mainly  deals.  There  is,  however,  an  interesting  chapter  on 
epilepsy  following  gunshot  wounds  of  the  head. 

Einfiihrnng  in  die  KUnik  der  inneren  Sekretion.  Von  G.  Peritz. 
S.  257,  mit  31  Abbildungen.  Berlin:  S.  Karger.  1923.  Price 
M.  4.80. 

The  author's  aim  has  been  to  provide  a  concise  textbook  which  may,  on  the 
one  hand,  serve  as  an  introduction  to  the  fuller  study  of  the  complicated 
functions  of  the  ductless  glands,  and  on  the  other  suffice  for  the  needs  of  the 
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ordiiiftry  student.  He  hus  pvcduced  a  readable  and  useful  volume  in  which 
both  the  clinical  and  physiological  aspects  of  the  subject  receive  due  attention, 
and  yet  are  not  overladen  by  detail. 

The  various  endocrine  organs  are  dealt  with  in  separate  chapters.  Some  of 
the  features  which  attract  attention  are  a  discussion  on  the  natiu-e  and  causes 
of  infantilism,  the  aben-ance  in  the  sexual  functions  due  to  affections  of 
the  genital  glands,  and  the  physiology  of  the  parathyroids  and  their  relation  to 
spasmophilic  conditions.  The  functions  of  the  hypophysis  are  also  adetjuately 
discussed  and  its  diseases  referred  to,  thougli  from  a  general  rather  tlian  from 
a  neurological  point  of  view.  A  discussion  on  tlie  influences  of  the  various 
internal  secretions  on  the  nervous  system  constitutes  one  of  the  most  interesting 
chapters ;  a  list  of  the  pharmacological  and  other  tests  of  their  activities  which 
is  included  in  it  also  deserves  mention. 

Almost  all  the  illustrations  are  of  clinical  subjects.  There  is  no  bibliography 
or  even  refex-ences  to  the  authorities  cited,  l^ut  the  book  is  provided  with  a  good 
index. 


An    Outline    of  Psijcholorji/.      By   William    McDougall.     Pp.    450. 
London  :  Methuen  and  Co.     1923. 

The  professed  objects  of  tliis  book  are  to  give  tlie  student  new  to  psNchology 
a  profitable  line  of  approach,  a  fruitful  way  of  thinking  of  psychological  problems, 
and  a  terminology  as  little  misleading  as  possible.  But  it  is  not  to  the  uninitiated 
student  only  that  this  textbook  will  appeal  ;  all  interested  in  psychology  will 
scan  its  pages  with  interest  and  profit,  though  they  may  not  agree  with  all 
Professor  McDougall's  metliods  and  conclusions. 

He  insists  from  the  first  page  of  bis  preface  to  the  last  chapter  of  his  book 
that  the  "stream  of  consciousness"  cannot  be  regarded  as  consisting  of  discrete 
parts  or  atoms  of  conscious  stuff,  each  of  which  may  be  in  some  way  or  other 
attached  or  related  to  an  elementary  process  in  the  brain,  and  the  associations 
of  which  can  be  explained  by  the  laws  of  the  physical  and  cliemical  sciences. 
Consequently  in  psychology  the  student  cannot  rely  on  the  methods  of  observa- 
tion and  reasoning  wliich  he  has  been  taught  to  apply  to  the  physical  world,  in 
which  all  events  are  regarded  as  links  in  a  mechanical  chain  of  cause  and  elifect. 
In  the  mind  a  "  purposive  striving"  is  the  fundamental  category,  and  its  process 
is  radically  different  from  the  laws  of  mechanical  sequence.  His  main  effort  is, 
therefore,  to  break  loose  from  "  the  tradition  of  mental  life  as  a  mechanical 
mosaic,"  and  he  consequently  treats  his  subject  in  a  manner  unlike  that  which 
it  has  received  in  most  of  the  current  textbooks  of  similar  scope  in  our  own  and 
in  other  languages. 

His  methods  and  ai'guments  will  not  receive  universal  acceptance,  and  in 
cei-tain  points  will  certainly  excite  controversy,  but  whether  we  agree  with  them 
or  not  we  must  admit  that  this  book  is  a  logical  and  vigorous  presentation  of 
one  point  of  view.  The  style  is  as  concise  and  clear,  and  at  the  same  time  as 
cogent,  as  we  have  learned  to  expect  from  the  author's  previous  books.     A 
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second  volume  whicli  will  treat  abnormal  mental  jn-ocesses  on  the  same  lines 
is  pi'omised. 

Paprrfi  on  Psycho-analysis.  By  Ernest  Jones.  Third  edition. 
London  :  Bailliere,  Tindall  and  Cox.     1923.     Price  25s. 

This  well-known  collection  of  papers  on  Psycho-analysis  remains  sub- 
stantially unaltered.  No  fundamental  clianges  in  view  are  discernible,  though 
some  ideas  obscure  and  undeveloped  in  earlier  Freudian  writings  are  here  further 
elucidated  and  developed. 

The  main  advances,  as  illustrated  in  this  book,  lie  in  the  region  of  so-calle<l 
Ego  psychology.  This  development  is  all  to  the  good,  seeing  that  the  earlier 
insistence  on  the  sexual  causation  of  the  neurosis  and  of  character  formation 
rendered  the  theory  difficult  of  acceptance  by  psychologists  brought  up  in  schools 
where  the  unifying  etiect  of  the  Ego  in  the  shaping  of  the  mental  life  remains 
a  matter  of  some  importance. 

Of  the  newer  essays  the  most  valuable  to  the  student  of  Freudian  psychology 
are  "  Some  Problems  of  Adolescence  "  and  the  "  Nature  of  Autosuggestion." 
The  application  of  psycho-analytic  principles  to  the  study  of  the  psychoses 
receives  further  notice  in  various  parts  of  the  book. 

Common  Symptoms  of  an  Unsound  Mind  By  G.  Kutherford  Jeffrey. 
Foreword  by  Sir  James  Crichton-Browne.  Pp.  xviii  -f  264. 
London:  H.  K.  Lewis.     1923.     Price  7s.  6d. 

This  book  is  avowedly  written  for  the  general  practitioner,  but  even  if  this 
is  its  only  aim,  it  is  distinctly  disappointing. 

Dr.  Jeffrey  begins  with  delusions,  which  he  defines  merely  as  "  false 
beliefs " ;  there  is  no  attempt  at  their  explanation  or  reference  to  their 
biological  and  clinical  importance,  and  to  their  relationship  to  myths,  dreams, 
religions  and  folklore.  True  the  author  mentions  the  "  subconscious  mind," 
but  wnthout  the  slightest  indication  of  what  he  means  by  the  term,  and 
without  defining  its  scope  and  functions.  Dementia  prtecox  is  divided  into 
two  groups,  one  with  and  the  other  without  delusions,  a  somewhat  novel 
classification. 

Paranoia  is  constantly  referred  to  as  a  disease  in  which  the  pathology  is 
quite  unknown,  which  is  a  very  sweeping  and  inaccurate  statement. 
Halhicinations  are  loosely  described,  and  nowhere  is  the  mechanism  of 
projection  mentioned.  The  author  describes  simple  mania  and  melancholia  as 
clinical  entities  distinct  from  manic-depressive  states,  and  having  a  better 
prognosis.  The  very  clear  conceptions  of  Kraepelin  and  others  of  manic- 
depressive  states  do  not  seem  to  be  appreciated  by  him.  He  rightly  lay; 
stress  on  the  differences  in  the  character  of  the  excitement  in  such  varying 
states  as  the  manic  phase  of  manic-depressive  insanity,  confusion  and  general 
paralysis.  But  the  practitioner  is  scarcely  likely  to  learn  these  diflerences 
when  he  can  rely  much  more  certainly  on  the  cytology  and  chemical  reactions 
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of  the  cerebro-spiniil  Huid.  Luuihar  i)uncture  as  a  means  of  diagnosis  does  not 
appear  in  the  volume.  Tliere  are  otlier  serious  omissions.  There  is  no 
mention  of  presenile  states  of  depression  (true  melancholia)  nor  of  the  neuroses 
and  psychoneuroses,  conditions  which  the  practitioner  meets  more  frequently. 
Arsenic  as  a  possible  cause  of  Korsakow's  syndrome  is  worthy  of  mention  in 
view  of  its  recent  prominence. 

In  the  article  on  testamentary  capacity,  there  are  no  practical  directions  to 
guide  the  practitioner  in  the  examination  of  a  person  whose  will,  for  instance, 
might  he  disputed. 

The  Psychology  of  Education.      By   D.   Kennedy-Fkaser.     London: 
Methuen  and  Co.,  Ltd.     1923.     Price  (3s.  Gd. 

It  would  he  impossible  for  the  lay  reader  to  gain  any  idea  of  the  scope  and 
methods  of  Modern  Educational  Psychology  by  a  reading  of  a  large  textbook 
or  articles  in  the  Journals.  He  would  be  immediately  appalled  by  the  dis- 
cussions on  the  natureof  general  intelligence,  and  the  detailed  mathematical 
analysis  of  correlations.  Dr.  Fraser  has  designed  his  book  in  order  to  intro- 
duce the  uninitiated  into  the  methods  of  psychological  investigation  in  so  far 
as  they  concern  education.  Part  I  is  a  clear  statement  of  the  methods  of 
investigating  intelligence  by  the  now  familiar  tests  and  their  modifications. 
While  the  exposition  of  method  and  application  leaves  nothing  to  be  desired, 
one  would  like  to  have  an  even  elementary  discussion  of  the  controversial  side 
of  the  problems  of  the  inteUigent  quotient,  and  the  way  in  which  such  quotients 
are  capable  of  modification  by  more  rational  and  sympathetic  treatment  of 
apparently  backward  children.  The  author  wisely  does  not  go  into  the  vexed 
question  of  general  intelligence. 

The  rest  of  the  book  covers  the  whole  field  of  ])sychological  development 
under  the  head  of  the  various  psychological  functions,  and  the  subject  is 
throughout  treated  from  the  point  of  view  of  the  development  of  the  child 
mind.  So  many  textbooks  of  psychology  are  in  the  habit  of  treating  mental 
development  in  the  abstract  that  this  approach  is  very  refreshing.  The  object 
of  the  book  is  to  prove  that  by  experimental  discovery  of  the  type  of  reaction 
to  which  the  child  belongs  better  results  in  education  can  be  achieved,  so  that 
having  discovered  the  path  along  which  development  in  a  particular  case 
normally  moves,  more  rapid  and  valuable  progress  can  be  obtained. 

The  ConstiUitional  Factors  in  Dementia  Precox.  By  N.  D.  C.  Lewis. 
New  York :  Nervous  and  Mental  Disease  Monographs.  No.  35. 
19-23.     3.(30  dollars. 

The  author,  after  a  brief  account  of  the  history  and  psychological  make-up 
of  the  patient,  gives  a  detailed  report  of  the  pathological  findings  in  the 
viscera  in  general,  and  of  the  circulatory  system  and  endocrine  glands  in  par- 
ticular, in  twenty-two  cases  of  dementia  prajcox.     The  heart  shows  arrested 
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development  at  the  pubescent  stage,  diminished  connective  tissue  displacement^ 
and  the  muscle  fibres  are  small  though  normal.  In  the  aorta  there  is  frequently 
a  thinning  of  the  intima,  l)ut  the  media  is  denser  in  structure  than  in  organic 
disease  of  the  arteries.  He  regards  this  condition  as  similar  to  that  found  in 
the  status  lymphaticus  syndrome,  a  condition  frequently  met  vt^ith  in  dementia 
praecox. 

The  most  striking  endocrine  changes  occur  in  tlie  testicles,  thyroid  and 
adrenals.  There  again  the  changes  suggest  a  regressive  phenomenon,  or  rather 
developmental  arrest  at  the  puberty  stage,  but  there  is  always  sufficient 
glandular  structure  left  to  permit  the  emergence  of  secondary  sexual 
characteristics. 

In  the  fact  that  these  three  glands  have  been  associated  with  the  emotional 
disposition  of  individuals  he  sees  at  least  a  point  of  contact  between  the 
physical  state  and  the  psychological  picture  of  dementia  praecox.  Further,  on 
the  psychological  side  one  of  the  features  is  what  psychologists  speak  of  as 
the  regressive  type  of  mentality. 

Observations  et  Experiences  de  Psychologie  Scolaire.  Programmes  des 
Ecoles  Normales.  By  M.  Foncault.  Paris  :  Les  Presses  Uni- 
versitaires  de  France.     1928.     Price  5  francs. 

Professor  Foncault's  little  handbook  is  a  concise  account  of  the  methods  of 
investigation  of  the  minds  of  children  in  the  Ecoles  Normales. 

In  the  space  of  150  pages  he  covers  the  whole  field  of  experimental  psy- 
chology as  applicable  to  school  children  of  all  ages.  The  opening  chapters  are 
psycho-physiological,  that  is  concerned  with  the  physical  functions  and  the 
organs  of  sense.  Thence  he  passes  on  to  consider  memory,  mental  fatigue^ 
judgment,  reasoning  and  language,  with  their  modifications  at  various  times 
in  the  school  day. 

Complex  activities  such  as  imagination,  dreaming,  character  and  tempera- 
ment are  fully  considered.  There  is  no  concession  made  to  transcendental 
psychology,  the  whole  being  considered  from  the  experimental  point  of  view 
with  just  those  introspective  notes  which  make  observation  complete.  He  is 
fully  alive  to  the  difficulty  of  making  a  reliable  diagnosis  of  intellectual  capacity 
from  mere  routine  examination  by  tests  during  school  hours,  and  recognizes 
that  a  proper  judgment  of  character  can  only  be  obtained  by  personal  appre- 
ciation on  the  part  of  those  persons  who  are  in  constant  contact  with  the 
children,  as  the  parents  and  teachers. 
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